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PREFATORY    NOTICE. 


IN  the  beginning  of  1887  my  predecessor,  Mr.  Medlicott,  wrote  as  fol- 
lows in  his  Annual  Report  of  ihe  Geological  Surveys — **  Ihe  two  first 
parts  of  the  Manual  of  the  Geology  of  India,  issued  in  1879,  have  been 
out  of  print  for  some  time,  and  the  question  of  re-writing  it  has  been 
much  upon  my  mind.  Parts  of  it  would  require  abridgment,  leaving  local 
information  to  be  sought  for  in  the  special  Memoirs  ;  and  parts  of  it 
would  need  alteration  and  addition  in  view  of  extended  information. 
The  greater  part  of  the  two  volumes  was  written  by  Mr.  Blanford, 
who  was  for  the  time  relieved  of  other  work.  To  re-write  the  whole 
while  carrying  on  the  manifold  current  duties  of  the  Survey  has  been  more 
than  I  could  attempt  in  India  with  any  justice  to  either." 

The  directing  of  the  Survey  since  Mr.  Medlicott's  retirement  is  even 
fuller  of  current  duties,  not  the  least  of  which  has  been  a  considerably 
increased  system  of  frequent  tours  over  the  length  and  breadth  of  the 
land  ;  so  that,  however  pressing  it  may  also  have  been  on  my  mind, 
I  have  been  unable  even  to  venture  on  the  elaboration  of  a  revised  form 
of  Messrs.  Medlicott  and  Blanford's  most  excellent  work ;  and  I  therefore 
gladly  accepted  Mr.  R.  D.  Oldham's  offer  to  prepare  a  fresh  issue  accord- 
ant with  our  progressive  survey  of  the  Empire. 

Mr.  Oldham  had  had  a  varied  experience  of  survey  work  over  widely 
separated  tracts  in  India  where  he  had  opportunities  of  studying  most  of 
our  repiesentative  formations  in  their  peninsular  and  extra-peninsular 
development:  while  of  his  own  motion  he  devoted  his  first  period  of 
well-earned  leavi!  to  a  comparative  study  of  our  Gondwina  representatives 
in  Australia.  His  close  acquaintance  with  the  literature,  as  evidenced 
in  the  careful  Bibliography  of  Indian  Geology ^  compiled  by  him  in  1888, 
had  already  indeed  predisposed  me  in  favour  of  a  possible  ultimate 
placing  of  a  second  issue  of  the   Manual  in  his   hands ;  and  in  now  au« 

thorising  that  issue  1  would  fain  hope  that  my  choice  may  be  justified. 

* 

WILLIAM  KING, 
.  Director,  Geological  Survey  of  India. 


PREFACE   TO  THE    FIRST   EDITION. 


THE  want  of  a  general  account  of  Indian  Geology  has  been  felt  for 
some  years.  'J  he  regular  Geological  Survey  of  India  may  be 
considered  to  have  commenced  in  1851  ;  and  but  few  of  those  who  took 
part  in  the  work  during  the  earlier  years  now  remain  in  the  service.  It  is 
desirable,  before  all  the  older  members  of  the  Survey  pass  away,  that 
some  record  of  the  early  observations,  many  of  which  are  unpublished, 
should  be  rescued  from  oblivion,  for  the  benefit  of  future  explorers.  The 
published  Memoirs  and  Records  of  the  Survey,  moreover,  have  now 
become  too  numerous  and  bulky  for  general  use  ;  and  it  is  difficult  for  any 
one,  without  much  study,  to  gather  the  more  important  observationson  the 
geology  of  the  country  from  amidst  the  mass  of  local  details.  Many  papers 
on  Indian  geology  are  also  scattered  through  various  Indian  and  European 
periodicals.  As  a  guide  to  all  who  have  occasion  to  acquire  a  knowledge 
of  Indian  geology,  or  who  desire  information  from  a  love  of  the  science, 
some  compendium  of  the  observations  hitherto  collected  has  become  abso* 
lutely  necessary ;  and  the  present  Manual  has  been  drawn  up,  by  direction 
of  the  Government  of  India,  to  supply  the  deficiency. 

It  was  originally  desired  by  the  Government  that  this  work  should  b** 
prepared  by  the  late  Dr.  Oldham,  or  that  the  compilation  should  have  the 
advantage  of  his  supervision.  As  Dr.  Oldham  was  the  first  Superintendent 
of  the  Survey,  and  remained  at  the  head  of  the  Department  fron:  its  com- 
mencement in  1851  to  1876,  he  would,  unquestionably,  have  been  admir- 
ably qualified  to  carry  out  the  work ;  and  it  was  his  own  desire  to  do  so,  as 
the  completion  of  his  labours  in  India.  Failing  health,  however,  and  the 
pressure  of  other  duties,  prevented  him  from  even  commencing  the  task  ; 
and  when,  at  length,  he  was  unable  any  longer  to  remain  in  the  country, 
the  duty  of  preparing  a  Summary  of  Indian  Geology  was  left  to  his 
successor.  At  this  time  the  only  preparation  that  had  been  made  for  the 
work  was  the  partial  compilation  of  a  general  Geological  Map  of  the 
Peninsula. 

The  double  authorship  was  not  entirely  a  matter  of  choice  ;  although 
undertaken,  and  carried  out,  most  willingly  by  both  the  writers.  Both 
have  been  engaged  in  the  work  of  the  Survey  almost  from  th?  commence^ 
ment ;  and  as  each  has,  in  the  course  of  his  service,  examined    very  large 


vi  PREFACE. 

areas  of  the  country,  the  combination  secures  the  description  and  discus- 
sion, from  personal  knowledge,  of  a  much  larger  portion  of  Intlia.  At  the 
same  time  the  advantages  of  wider  experience  and  thought  may  not  be 
found  an  adequate  compensation  for  want  of  uniformity  and  occasional  dis- 
crepancies— the  natural  results  of  divided  authorship.  To  secure,  so  far 
as  possible,  the  responsibility  of  each  author  for  the  facts  and  opinions 
stated,  the  initials  of  each  are  affixed  in  the  Table  of  Contents  to  the  chapters 
contributed  by  him.  Every  such  chapter  has  been  read  and  revised  by 
the  other  writer  ;  but  the  alterations  have  in  no  case  been  of  more  than 
trivial  importance ;  so  that  each  chapter  may  be  practically  taken  as  an 
individual  contribution.  The  number  of  subjects  is  so  large,  and  the  con- 
nection between  them,  in  many  cases,  so  slight,  that  the  lack  of  uniformity 
will  not,  it  is  hoped,  seriously  detract  from  the  usefulness  of  the  Manual. 
In  addition  to  the  subjects  discussed  in  the  present  work,  it  was,  at  first, 
proposed  to  add  an  account  of  the  Economical  Geology,  and  to  treat  in  a 
special  chapter  of  the  known  Mineral  Resources  of  India.  But  the  length 
to  which  the  Manual  has  already  extended  has  rendered  it  advisable  to 
postpone  this  very  important  subject,  and  to  reserve  it  for  a  separate 
volume. 

Although  many  of  the  details  in  the  work  now  issued  have  not  previ- 
ously been  published,  and  although  the  discussion  of  the  observations  involves 
several  new  deductions  and  suggestions,  the  book  is,  in  the  main,  a  compi- 
lation ;  and  it  is  quite  possible  that,  especially  in  treating  of  areas  and 
formations  of  which  the  authors  have  no  personal  knowledge,  full  justice 
has  not  always  been  done  to  the  views  of  original  observers.  It  has,  in 
several  instances,  been  thought  more  important  to  point  out  possible 
causes  of  error  than  to  endorse  opinions  which,  although  very  possibly 
correct,  are  not  sufficiently  supported  by  published  data  to  be  accepted 
as  conclusive.  In  all  such  cases  full  references  to  previous  publications 
have  been  furnished  ;  and  an  examination  of  the  details  given  in  the  latter 
will,  it  is  hoped,  serve  to  correct  any  errors  of  interpretation  on  the  part 
of  the  authors  of  the  present  work. 

The  numerous  and  large  areas  left  blank  in  the  annexed  Map  show, 
at  once,  how  far  the  present  publication  falls  short  of  completeness,  and 
how  imperfectly  the  promise  implied  in  the  title  is  fulfilled.  A  note  upon 
the  Map  further  explains  that  large  portions  of  it  have  been  coloured 
from  very  imperfect  information,  from  sketch  surveys  or  rapid  traverses 
affording  no  sufficient  opportunity  for  a  proper  study  of  the  formations. 
It  had,  however,  become  imperative,  as  a  duty  to  the  public,  for  reasons 
already  mentioned,  to  bring  together  a  summary  of  the  work  accomplished 
since  the  commencement  of  the  Survey ;  and  it  was  equally  essential,  for 
the  Survey  itself,  that  some  general  record  of  the  results  obtained  up 
to  date   should   be  compiled.     These  objects  could  only  be  attained  by 


PREFACE.  Vli 

attempting  a  general  Map  and  Review  of  the  Geology  of  India  ;  but  the 
reader  must  not  forget  that  the  present  attempt  is  more  of  the  nature  of 
a  progress  report  than  of  a  finished  work. 

The  Map,  it  is  feared,  will  be  found  defective  in  several  other  respects. 
Under  the  circumstances  it  was  impossible  to  prepare  a  special  reduction 
of  the  topography ;    and,  amongst  the  Maps  of  India  available  in  the   Sur- 
veyor General's  Office,  there  was,    practically,   no   choice   but   to   accept 
that  on  the  scale  of  64  miles  to  the  inch,  then  well  advanced  towards  com- 
pletion, as  a  basis  for  the  geological  details.     The  scale  is   inconveniently 
small   for  all  parts  of  the  country  that  have  been  geologically  mapped  in 
any  detail,  and  the  mountain  ranges  have  not  been  inserted  ;  so  that  many 
features   discussed   in   the    text  are   not  indicated.     But  the  most  serious 
drawback  is  in    the   names   of   places.     Many   tov/ns  of   importance   are 
omitted,   owing   to  the   small  scale  ;  and  other  names  of  interest,  for  pur- 
poses of  geological  description,   such   as    those   of   fossil-localities,   or   of 
villages  near  important  sections,  are  wanting.   Nor  is  this  all.   The  spelling 
of    Oriental  names  is  a  well-known  cause  of  perplexity  ;  and  the  confusion 
has  been  increased  by  the  unfortunate  circumstance  that,    while   one   sys- 
tem has  been  adopted  by  the  Great  Trigonometrical  Survey,  and  employed 
in  all  the  maps,  including   those   of   the   detailed    Topographical  Surveys, 
issued  by  the  Department,  an  entirely  distinct  system  has  been  employed 
by  the  Revenue  Survey,  by  whom  the  maps  of  all  the  best  known  parts   of 
the  country  have  been  prepared.     Under  the  first   system,   each   letter   in 
the    Indian   language   is   represented   by   a   corresponding  letter  in  the 
Roman  character  ;  diacritical  marks  and  accents  being  employed  to  distin- 
guish such  consonants  or  vowels  in  the  latter  as  are  required  to   represent 
two   or  more   sounds,   and   the   Italian   or   German  sounds  of  the  vowels 
being  used,  instead  of  the  English.     Under  the  second  system,  an   attempt 
is    made  to  represent  the  original  sound  by  English  spelling ;  double  vow- 
els being  largely  used,  but  no  diacritical  marks.     The  imperfection   of   the 
latter  plan  is  manifest ;  because,  in  the  first  place,  the  sounds,  of  the  vow- 
els especially,  in  English,  are  variable,  and   incapable,    in  many  cases,    of 
representing  those  of  Oriental  languages  ;  and,  secondly,  the  representation 
of  the  true  names  by  supposed  equivalents  is  arbitrary,   depending  chiefly 
on  the  ear,  often  very  imperfectly  trained,  of  the  transcriber.     When  maps 
of  large  areas,  as  in  the  present  case,  are  compiled,  the  mixture  of  names, 
spelt  according  to  two  different  systems,  is  inevitable.     The   attempt   at  a 
general    revision   of  the   nomenclature,    however    desirable,    would   have 
involved  serious  delay. 

Of  late,  the  Government  has  adopted  a  compromise  in  the  question  of 
spelling,  and  lists  of  the  principal  places  in  each  province  have  been 
issued ;  the  familiar  and  well-known  names  being  spelt  in  the  manner  that 
has  become  customary  by  usage,  whilst  transliteration  is  employed  in  all 
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other  cases,  W'ith  the  exception  that  no  diacritical  marks  are  used  for 
consonants.  This  system  is  obligatory  for  all  official  publications  ;  and  it 
has,  consequently,  been  adopted  in  the  present  work.  In  some  cases, 
however,  the  lists  for  particular  provinces  have  not  been  published  in  time 
to  be  available  ;  and  in  the  following  pages  it  is  not  unfrequently  necessary 
to  mention  places  not  contained  in  the  lists,  and  the  proper  vernacular 
pronunciation  of  which  is  unknown  to  the  writers.  In  such  cases,  an  at- 
tempt has  been  made  to  spell  the  name  according  to  the  recognised  system  ; 
but  it  is  only  fair  to  warn  the  reader  that  no  dependence  can  be  placed 
on  ^any  names  of  places,  specially  upon  those  in  the  south  of  India,  when 
taken  from  old  maps. 

In  the  preparation  of  the  Map  a  large  share  has  been  taken  by  various 
Officers  of  the  Geological  Survey,  all  of  whom  have  contributed.  The 
colouring  and  printing  have  been  carried  out  at  the  Surveyor  General's 
Office,  under  the  superintendence  of  Captain  Riddell,  R.E.,  to  whom  the 
authors  beg  to  express  th^ir  obligation?^'^  ^^^  labour  he  has  given  to  the 
work,  and  for  the  assistance  he  has  afforde^ltgL^^"^  personally. 

In  the  plates  of  fossil  plants  and  animals  at  theeSi/*^  ^^^  ^^^^  ^^^^  °^ 
the   most  common    and   characteristic    forms  of  orgamc'-^P^  found 

in  India  are  represented.  The  plants  have  been  selected  andlr^t^^Sed  by 
Dr.  Feistmantel,  and  the  tertiary  Mammalia  by  Mr  Lydekker  ^aIL^^^ 
plates  are  lithographed  by  Mr.  Schaumburg.  whose  work  will  answer  fS^ 
Itself.  The  majority  of  the  figures  are  from  original  drawings,  or  from  the 
Pateontologia  Indica ;-  the  remainder  are  copied  from  other  works  ;  but 
these  copies  have,  in  many  cases,  been  compared  with  specimens. 


PREFACE  TO  THE  SECOND  EDITION. 


THE  first  edition  of  the  Manual  of  the  Geology  of  India  was  found  to  sup- 
ply a  want  so  much  felt  that  it  soon  went  out  of  print,  and  for  several 
years  has  only  been  procurable  from  the  dealers  in  second-hand  books. 
It  had,  besides,  become  out  of  date  in  many  parts,  and  the  Government  of 
India  decided  that  the  time  had  come  for  ihe  preparation  of  a  new  edition. 

So  great  have  been  the  strides  made  in  our  knowledge  of  Indian 
Geology  in  the  last  fifteen  years  that  it  has  been  found  possible  to  entirely 
change  the  arrangement  of  the  book  and  to  adopt  the  more  scientific  and 
orderly  course  of  describing  the  rocks  in  chronological  order,  instead  of 
breaking  the  book  up  into  a  series  of  descriptions  of  separate  districts, 
as  was  found  to  be  inevitable  in  the  preparation  of  the  first  edition. 
There  is  not,  unfortunately,  everywhere  the  same  certainty  regarding  the 
proper  position  in  a  chronological  arrangement  of  particular  groups  of 
beds.  Frequently  the  true  homotaxis  is  unknown,  and  there  is  a  conspicu- 
ous instance  of  the  mistakes  which  may  then  be  made,  in  certain  rocks 
of  the  Arakan  Yoma,  which  were  supposed  to  be  triassic  at  the  date  when 
this  second  edition  was  written,  but  have  been  shown  to  be  eocene  as  the 
pages  were  passing  through  the  press,  and  consequently  rocks  w'hich 
should  have  been  classed  with  the  tertiary  were  described  in  the  chapter 
devoted  to  the  carboniferous  and  trias. 

Many  districts  have  remained  untouched  since  the  publication  of  the 
first  edition,  and  in  all  such  cases,  and  wherever  indeed  no  serious  modifi- 
cations of  the  original  text  have  been  necessary,  it  has  been  allowed  to  stand 
practically  as  in  the  original  publication.  All  these  passages  have  been 
carefully  revised  and  generally  more  or  less  condensed,  while  many  minor 
alterations  needful  to  adapt  them  to  the  altered  scope  and  arrangement  of 
the  work  have  been  made,  as  well  as  such  alterations  as  have  been  neces- 
sary on  account  of  the  advance  of  our  knowledge.  In  the  table  of  contents 
the  portions  in  which  the  first  edition  has  been  taken  as  the  basis  of  the 
text  are  distinguished  by  a  different  type  from  that  which  refers  to  the 
portions  which  are  new  or  have  been  entirely  re-written. 

As  there  is  now  a  special  volume  devoted  to  the  economic  aspects  of  the 
geology  of  India,  not  to  mention  the  Dictionary  of  Economic  Products  and 
the  Handbooks  of  Commercial  Products  of  the   Imperial  Institute,  it  has 
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been  decided  to  exclude  all  references  to  economic  geology  in  this  work. 
The  references  would  necessarily  have  to  be  too  brief  for  commercial  pur- 
poses, while  they  would  have  confused  the  stratigraphical  descriptions  and 
increased  the  bulk  of  the  volume.  It  is,  therefore,  better  that  these  sub- 
jects should  be  relegated  to  the  books  specially  devoted  to  them. 

For  the  rest,  the  remarks  in  the  preface  to  the  first  edition,  relative  to 
the  geographical  basis  of  the  Geological  Map  of  India  and  the  spelling  of 
place  names,  still  hold  good.  As  regards  the  latter,  the  Imperial  Gazetteer 
of  India  has  been  adopted  as  a  standard  by  the  Government  of  India  and 
the  Royal  Geographical  Society.  The  spelling  in  that  work  has  conse- 
quently been  followed,  and  as  regards  places  not  mentioned  in  that  work 
the  same  system  of  spelling  has  been  adopted  so  far  as  possible.  'I  he 
scale  of  the  Geological  Map  adopted  for  this  edition  is  smaller  than  that  of 
the  map  issued  with  the  first  edition.  It  is  hoped  ihat  the  alteration  will 
make  the  map  more  convenient  to  consult,  while  the  amount  of  detail 
that  can  be  exhibited  remains  practically  the  same,  and  the  impossibility  of 
finding  a  map  showing  all  the  places  mentioned  in  the  text  has  been 
rectified,  so  far  as  possible  by  an  index  of  place  names  giving  their  geo- 
graphical co-ordinates. 

The  date  of  the  map  will  be  seen  to  differ  from  that  of  the  title-page 
of  the  book ;  this  is  due  to  the  fact  that  it  was  necessary  to  go  to  press 
with  the  map  before  the  text  was  completed.  The  map  consequently  repre- 
sents the  state  of  information  available  in  the  office  of  the  Geological 
Survey  on  the  31st  December  1891,  while  the  text  dates  about  four  months 
later,  and  subsequent  additions  and  corrections  have  been  made  in  foot- 
notes up  to  the  beginning  of  this  year. 

Finally,  I  have  to  express  my  obligations  for  the  help  so  readily  ren- 
dered in  the  preparation  of  this  work,  specially  to  Prof.  Suess,  for  the  loan  of 
the  illustration  block  on  p.  202,  and  to  Dr.  W.  T.  Blanford,  who,  in  addi- 
tion to  other  assistance,  has  been  good  enough  to  read  the  proofs  of  the 
passages  referring  to  the  fossil  tertiary  and  pleistocene  mammalia. 
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(OrdinB'y  type  refers  to  matter  which  has  been  adapted  from  the  firBt  edition.) 
Heavy  tjpe  refers  to  matter  which  it  new  or  entirely  rewritten  in  the  present  edition.! 


CHAPTER  I. 


PHYSICAL  GEOGRAPHY. 


IJmits  of  area  treated,  three  great  divisions,  Indo-Gangetic  alluvium  (i),  penin- 
sular, extra-peninsular.  Contrast  of  peninsular  and  extra-peninsalar  regions.  Extra* 
peninsnlar  rocks  and  peninsular  structure  west  of  Aravallis  (2) ;  extension  of  peninsular 
rocks  into  Assam  hills  and  eastern  Himalayas;  nomenclature  of  Indian  Hill  ranges, 
diflicuUies.  Peninsular  mountain  ranges  (3),  merely  remnants  of  plateaux  isolated  by 
erosion,  Ardvallis  the  only  important  peninsular  range  composed  of  disturbed  rocks  (4), 
hills  of  Southern  India  possibly  isolated  by  marine  denudation,  former  continuity 
of  hills  of  Central  India,  absence  of  connection  between  direction  of  peninsular 
mountains  and  disturbance  of  rocks  (5),  Ar^valli  range  an  exception,  but  disturbance  of 
great  antiquity.  Extra-peninsular  ranges  directly  dne  to  disturbance  of  rocks,  difiBculties 
of  nomenclature  (6),  consideration  of  Himalayas  postponed.  Hills  of  western  frontier, 
separation  of  Salt  range,  two  principal  directions  of  strike  in  hills  west  of  Indus  (7), 
hills  of  eastern  frontier  and  Burma,  Salt  range  and  Assam  Hills.  Drainage  sjrstem  of 
extra-peninsular  hills  always  crosses  axes  of  special  elevation  (8),  **  tangis  "  of  western 
frontier,  gradual  elevation  of  hills  with  occasional  interruption  of  drainage.  Simi- 
larity of  hills  on  eastern  frontier  and  differences  introduced  by  climate.  River  system  of 
Peninsula  (9),  easterly  trend  of  drainage,  antiquity  of  east  and  comparativer  recent  origin 
of  west  coast.  Tertiary  changes  of  extra-peninsular  coast  line,  changes  of  level  on 
peninsular  coast.  SahyAdri  range,  resemblance  to  sea  clifiF  (10),  Cremnoconchus  allied  to 
marine  form,  subaerial  erosion,  elevation  of  the  Konkan  tertiary  rather  than  post- 
tertiary.  Possible  isolation  of  Southern  Indian  hills  by  marine  denudation.  Supposed 
submerged  cliff  on  Mekran  coast,  submerged  forests  of  Bombay  and  Tinnevelli  coast. 
Changes  of  level  in  Cutch  and  Arakan  (11),  in  Andaman  islands.  Coral  archipelagoes  off 
west  coast,  erosion  and  accretion  of  land  on  east  coast  (12),  in  Cambay ;  silting  up  of  Rann 
of  Cutch  (13).  Evidence  of  glacial  period,  former  extension  of  Himiilayan  glaciers,  boulders 
of  the  Potwar.  No  physical  proofs  in  the  Peninsula,  other  evidence.  Hin-^iayan  plants 
and  animals  on  higher  hills  of  Southern  India  (14),  migra'ion  not  due  to  greater 
dampness  (15).  Volcanoes,  Barren  Island  (16),  Narcondam,  Puppadoung  (17)  other 
extinct  volcanoes  of  Upper  Burma  ;  termination  of  the  Sunda  chrin.  Doubtful  cases  of 
volcanic  eruption ;  in  Bay  of  Bengal  (18),  Lon^r  lake.  Salses  or  mud  volcanoes  (19), 
Burma,  Ramri  and  Cheduba(20),  ignition  of  marsh  gas  by  lightning  (21),  Assam,  Baluch- 
istan (22,. 
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CHAPTER  II. 


METAMORPIIIC    AND    CRYSTALLINE    ROCKS. 


Great  extent,  imperfection  of  data  available  (23),  sfneissose  rocks  of  two  ages,  older 
or  Bundelkhand  gneiss,  leading  characters  and  distribution,  newer  or  banded  gneiss 
appears  to  pass  into  transition  rocks,  doubtful  validity  of  separation,  a  large  part  probably 
newer  than  Bundelkhand  gneiss  (24).  La  Croix  suggests  presence  of  groups  of  successive 
origin  in  Southern  Indian  gneisses.  Bundelkhand  gneiss  in  Bundelkhand.  characters  (25), 
generally  massive,  schistose  gneisses  in  southern  portion  of  area  (26),  absence  of 
limestone ;  pegmatite  veins,  absence  of  accessory  minerals,  quartz  reefs,  absence 
in  area  of  schistose  gneiss  (27),  foliation  of  quartz  reefs  and  occasional  presence 
of  serpentine;  newer  series  of  quartz  veins;  trap  dykes  (28),  newer  than  quartz 
reefs;  relation  to  newer  rocks.  Newer  gneiss  of  Siiigrauli  ('29),  abundance  of 
accessory  minerals,  well  marked  banding  and  foliation  C30),  quartz  retfs,  dome  gneiss, 
comparative  rarity  of  trap  dykes,  pegmatite  veins  (31).  Chutia  Ndgpur  banded  gneisses, 
relation  to  transition  rocks  of  south-west  Bengal;  inliers  of  older  gneiss,  trap  djkes, 
unconformable  junction  with  transition  rocks.  Gneisses  of  Tilcher  and  Mahdnndi  valley 
/f  32),  schists  and  conglomerate  in  gneiss.  N^gpur  and  Nizani*s  dominions.  Gneisses  of 
Nellore,  Camatic,  massive  gneisses,  schistose  gneisses  (33),  Bezwiida  gneiss  containing 
Murchisonite.  Mica  mines  at  Inikurti  (34).  Gneiss  of  Southern  Mariithi  country  and 
Bellary;  massive  gneiss  with  granite  intrusions,  resemblance  to  Bundelkhand  gneiss,  quartz 
reefs  and  dykes  (35),  absence  of  limestone,  and  rarity  of  accessory  niinerals.  Gneisses  of 
the  Konkan.  South  Malabar,  three  distinct  forms  (36),  indications  of  successive  origin. 
Waindd  and  Nilgiris  (37).  Limestone  and  granite  intrusions  in  gneiss  of  Coimbatore  and 
Trichinopoli.  Salem  district,  magnesian  schists  (38),  La  Croix  on  Salem  gneisses,  Sciuth 
Arcot  and  Trichinopoli.  Madura  and  Tinnevelli,  supposed  stratigraphical  succession  (39). 
Distribution  and  composition  of  ancient  trap  dykes  in  Southern  India.  Aravallt  range, 
apparent  passage  from  gneiss  to  transition  rocks.  Limestones  and  slates  associated  with 
gneiss  near  Jobat  (40)  Extra-peninsular  gneissose  rocks.  Afghanistan  Himalayas. 
Kashmir,  supposed  presence  of  gneiss  of  two  ages,  doubtful  correctness  of 
interpretation  (41).  True  gneiss  of  Zanskar,  Rupshu  and  Kumaun  Himalayas  Gneiss 
of  Darjiling.  Porphjrritic  gneissose  granite,  description  (43).  mode  of  intrusion,  similar 
granite  of  Haza'-a,  distribution  in  Himalayas  (43),  date  of  intrusion.  White  granite  and 
syenite  in  Himalayas.  Assam  gneiss  (44),  outliers  in  Brahmaputra  alluvium,  and  in  Siwalik 
zone.  Gneissose  rocks  of  hills  east  of  Burma,  metalliferous  veins  (4s).  Resum6,  imperfec- 
tion of  data,  antiquity  of  the  Bundelkhand  gneiss,  other  gneisses  largely  newer,  but  in  part 
due  to  deformation  of  the  older  gneiss  (46;. 


CHAPTER  IIL 

TRANSITION  SYSTKMS. 

UnfossiliferOus  older  sedimentary  rocks  of  Peninsula.  Difficulty  of  classi 6 cation,  divi- 
sible into  two,  partly  contemporaneous,  groups  systems.  Newer  may  be  classed  as  older 
palxozoic,  older  as  Transition  (47),  meaning  attributed  to  the  term.  The  Dharwar 
system,  distribution,  petrology  (48},  volcanic  beds,  and  deformation  of  pebbles  by  com- 
pression, hxmatite  schists  and  auriferous  quartz  reefs,  unconfornity  to  granitoid 
gneiss  (49),  apparent  local  passage  into  gneiss,  relation  to  Cuddapahs,  complete  isolation 
of  Dharwars,  probable  relation  to  transition  systems  of  Central  India,  outlier  of  Lharwars 
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in  Nellore  (50)5  possible  confusion  with  disturbed  Cuddapahs.     Bijdwar  system^  uncon- 
formable to  Bundelkhand  gneiss,  bottom  beds  (51)  irregularity,  total  thickness,  absence  of 
disturbance  in    Bundelkhand,  probable  disturbance  under  ihe  Vindhyan  area.     Beds 
at  the  Ken,  sandstone  and  conglomerate  associated  with  gneissose  rock  (52),  possibly  a 
metan!orphosed  arkose.     Bijdwars  of  lower  Narbadd  valley,  relation  to   gneiss  (53), 
exposures  near  Bdgh    and   Jobat,  older    sedimentary  rocks  associated   with  gneiss; 
outcrops  in  upper  Narbadd  valley  (54),  Bijdw&rs  of  Son -Narbadd  watershed,  metamor- 
phosed condition ;  Son   valley  (55)  an   older  system  also  seen ;  section  in  Rer  valley, 
nbnipt  junction  of  gneiss  with  Bij^wars,  and  passage  into  slates  of  the  Rer  valley  (56). 
Transition  rocks  of  Behar  hills,  disturbance  (57),  distinctness   of  boundary,  metamor- 
phosed condition  and  parallelism  of  stratification  with  gneiss ;  less  metamorphosed  condi- 
tion of  rocks  in  detached  hills  (58).    Junction  with  gneissose  rocks  in  the  Shaikhpura  ridge 
and  at  Luckeeserai,  analogy  to  section  in  the  Ken,  probable  equivalence  of  Behar  transi- 
tions to  Rer  valley  slates  (59).  bhillong  series  of  Assam,  resemblance  to  Behar  transitions, 
two  divisions,  conglomerate  at  base  of  upper  quartzites  (60),  relation  to  gneiss.     Eruptive 
diorite  and  granite  (61),  mode  of  intrusion  of  the  granite.  Transition  rocks  of  Manbhum 
andSingbham  (62),  unconformity  to  gneiss  inliers,  associated  eruptive  rocks,  metalliferous 
▼eins  (63).    Chilpi  ghAt  or  Siletekri  series  of  Central  Provinces.    Gwalior  system,  uncon- 
formity  to  Bundelkhand  gnejss,  distinctness  from  Bijdwars  (64),  Pir  sandstone  and  Morar 
group,  absence  of  disturbance,  original  limitation  (65),  organic  remains,  volcanic  rocks, 
porcellanic  beds,  (66)  limestone  beds,  haematite  shaUs,  outlier  at  Hindaun,  antiquity  of 
the  Gwalior  system   (67).    Aravalli  system,  limitation  and  doubtful  separation,  apparent 
passage  into  gneiss,  unconformably  covered  by  the  Delhi  system,  conglomerates  near 
Udaipur  (68),  Jasper  beds  in  Ariivalli  system,  granite  intrusions.  Delhi  system,  distribution, 
subdivision  (69),  Alwar  quartzite,  Delhi  system  near  Nimach,  unconformity  at  base  of  Delhi 
series  (70).  reported  passage  into  gceiss.     Beds  in  contact  with  Gwaliors  of  Hindaun  (71), 
post-Gwalior  age  of  Delhi  system  ;  flexible  sandstone.  Chiniot  and  Kirina  hills,  antiquity 
of  rocks  (72).  Champ4ner  beds,  apparently  belong  to  the  Delhi  system  (73).   MaUni  series, 
felsites,  doubtful  age,    formerly  considered  Lower  Vindhyan,  unconformity  with  Upper 
Vindhyans,  resemblance  to  Arivalli  felsites  of  Tosham  (74),  c!assed  as  transition.    Possi- 
ble contemporaneity  of  part  of  Gwalior  and  Delhi  systems  with  the  Cuddapahs,  relative 
ages  of  the  transition  systems.     Extra- peninsular  area,  Vaikrita  system  of  Hundes  and 
Spiti,  schistose  beds  of  Nep^l  ( 75).    Daling  series  of  Sikkim,  apparent  infraposition  to 
C^neiss,  misleading  appearance  of  section  (76). 


CHAPTER  IV. 

OLDER   PALEOZOIC    (CUDDAPAU     AND    VINDHYAN)   SYSTEMS   OP   THE   PENINSULA. 

Absence  of  fossils,  nomenclature,  age  possibly  in  part  contemporaneous  with  transition 
systems.  Two  principal  areas.  Southern  India;  Cuddapah  system  (77),  extent,  distur- 
bance of  strata  on  east,  Nallamalat  range,  subdivision  (78),  unconformities  between 
different  groups,  boundaries  of  basin,  original  limit  of  deposition  on  west.  Papaghni 
group,  Gulcheru  quartzite,  contact  with  gneiss,  basal  conglomerates;  Vempalli  limestone 
(79),  volcanic  beds  ;  Cheyair  group,  two  areas,  Pulivendala  subdivision,  unconformity  to 
Pdpaghni  group,  N«4gari  quartzites,  basal  conglomerate,Tadputri  beds,  volcanic  rocks  (80), 
porcellanic  beds,  Pullampet  beds,  pseudo- fossils  ;  Nallarnalai  group,  Bairenkonda  quart- 
zites, Cumbum  slates  {81),  Ejihwarakupam  hill;  Kistna  group,  Irlakonda  quartzites, 
Kolamnala  shales,  Shrishalam  quartzites.     Kaladgi  series,  Cuddapah  age,  distribution 
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(82),  relation  to  gneiss,  subdivisions,  disturbance   (83).     Karnul  series,  separation  from 
Cuddapahs  (84),  subdivision  ;  Banaganpalli  group,  diamond   gravels  ;  Jamalamadugu 
group.  Auk  shales  (85),  Narji  limestone  ;  Paniam  group;  Kundair group,  Nandiil  shales, 
Koil  Kuntla  limestones,  supposed  fossils,  original  limitation.   Karnul  series  in  the  Palnad, 
diamond  sandstone  (86),  difficulties  of  correlation,  disturbance  of  the  beds.    Bhima  series, 
subdivisions  (87),  relation  to  metamorphics,  basal   diamond  bearing  (?)    conglomerate, 
slight  disturbance,  breccia  formed  in  situ,  doubtful  fossil  (88),  probable  original  continuity 
with  Kamuls.  Cttddapah  outliers  north  of  the  Kistaa.  Pakhal  series,  subdivisions  ;  Pakhal 
division,  resemblance  to  Cheyair  group  ;  Albaka  division  (89).  Penganga  beds,  fonnerly 
reg:arded  as  lower  Vindhyan,  identified  with  Pakhal  series  and  Cuddapahs  (go)    similarity 
of  disturbance.    Cuddapahs  of  Bastir  and  Bifahafladi  valley.     Sullavai  series  (91)  sub- 
divisions, relation  to  Pakhal  series,  regarded  as  Vindhyan.     Barrier  between  Vindhyan 
and  Cuddapah  areas.    Vindhyan  system  (92),  origin  of  name,  extent  of  deposits  j  lower 
Vindhyans,  distribution  (93),  Son  valley,  Bundelkhand,  and  Chitor  arens,  outliers  (94) ; 
subdivisions  in  Son  valley,  relation  to  gneiss,  porcellanic  and  trappoid  beds,  Rohtas  group 
(95);  Bundelkhand  area,  subdiv'^sions,  general  resemblance  to  Son  valley  rocks,   Rohtas 
group  recognised,  silicious  brecc  a  (96),  peculiar  bottom  rock  of  eastern  portion  of  ex- 
posure, supposed   nidus  of  the   diamond  (97).    Original  limitation  of  lower  Vindhyansi 
Overlap  by  upper  Vindhyans  in  Bundelkhand.    Chitor  area,  conformity  Of  lower  and  upper 
Vindhyans,  basal  conglomerate.     Doubtful  propriety  of  uniting  lower  and  upper  Vindhy- 
ans  (98),  unconformity,  nature  of  disturbance  of  lower  Vindhyans,  apparent  conformity. 
Upper  Vindhyans,  subdivisions  (99).  general  composition  ;  Kiimur  conglomerate,  charac- 
teristics of  the  groups,  diamonds  (100),  Bhander  limestone,  supposed  fossils  (loi),  connec- 
tion between  variations  of  subdivisions  and  boundaries  of  ihs   basin,  surface  features  of 
Vindhyan  area,   general  absence  of  disturbance,   local   disturbance  at  Jhalra    Pitan 
(iC2),  Dhdr  forest.    Faulted  boundary  of  the  Vindhyans  to  the  Ar^vallis.  analogy  to 
main  boundary  of  the  Himiilayas  (103),  analogy  of  Vindhyans  to  Gangetic  alluvium  and 
Siw^liks,  age  of  the  Ar^valli  mountains  (104).    Outliers  of  supposed   upper    Vindhyans 
in  Bundelkhand.  peculiarities  and  probable  mode  of  origin  (105).    Vindhyans  west  of  the 
Ar^vallis,  relation  ;^to  Ar&valli  mountains,  glacial  beds  of  Pokaran  of  doubtful  Vindhyan 
age,  relation  to  .Vindhyans  of  main  area  (106).     Diamond  bearing  rocks  of  India,  of 
approximately  equalla^e,  diamonds  derivative,  original  source  of  the  diamond  (107).    Re- 
sum^,  relative  age  of  rock  systems,  probable  equivalence  of  Gwalior  and  lower  Cuddapah 
rocks  (108). 


CHAPTER  V. 

OLDBR   PALEOZOIC   SYSTEMS   OP  THB    EXTRA-PENINSULAR    AREA. 

Marine  fosaliferoos  deposits.  Salt  range,  subdivisions  (109)  ;  Salt  marl,  absence  of 
stratification,  salt  and  gypsum  deposits,  imparities  of  the  salt,  gypsum  beds  {iio\  sup- 
posed hypogene  origin  of  the  salt  marl,  appearance  of  intrusion  (ni),  evidence  not  con- 
clusive. Koh^t  salt  and  gypsum,  supposed  age  and  origin,  gypsum  due  to  hydration  of  anhy- 
drite, anhydrite  inclusions  in  quartz  crystals,  general  conclusions  (112);  Purple  sandstone ; 
Neobclus  teds,  cambrian  fossils;  Mag^esian  sandstone  (113) ;  Salt  pseudomorph  zone. 
Central  Himalayas,  classification  of  beds,  Haimanta  series  (114),  passage  to  Silurian,  Silurian 
fossils  (i  15).  Cuter  Hia  ilayas,  unfossiliferous  slates  mapped  as  Silurian,  in  part  carboni- 
ferous ;  Attock  slates,  trias  and  cretaceous  fossils,  Kashmir  (i  16) ;  Jaunsar  series,  volcanic 
beds,  resemblance  to  Haimantas ;  Deoban  limestone,  distribution  (117).  Supposed 
organic  remains  ;   B&xa  series  ;   Devonian  fossils  in  Thibet  ;  Silurian  of  Burma  (nS). 
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CHAPTER  VI. 

CARBONIFEROUS  AXD   TRIASSIC   ROCKS   OF   £KTRA-PBRI?(SULAR   INDIA. 

Passage  between  palaeozoic  aad  mesozoic.  Salt  range  (119),  gladal  boulder  bed| 
fragments  derived  from  the  south,  facetted  pebbles  (120),  Australian  fauna,  upper  carboui- 
feroasage  (121),  distribution  of  fossils  in  Productus  beds  (122),  speckled  sandstone* 
Productus  beds,  classification  (123) ;  lower  Productus  beds,  change  of  fauna,  absence  of 
Antralian  forms,  European  affinities  (124),  permo  carboniferous  age,  changes  of  land  and 
sea.  Salt  range  fossils  in  China  ;  middle  Productus  beds  (125),  relationships  of  faunai 
appearance  of  mesozoic  types  (126);  upper  Productus  beds,  permian  fades  of  fauna,  pale- 
ozoic ammonites  (127) ;  Chidm  group,  great  change  of  fauna,  abundance  of  mesozoic  typef ; 
probable  age.  Trias  of  Salt  range  (12S).  Central  Himalayas,  crinoid  limestone,  possible 
glacial  beds  (129),  Kuling  series.  Trias,  subdivisions,  lower  trias  (130)1  supposed  rbstlc 
and  lias,  provisional  character  of  conclusion  (131),  paleontological  break  between  Silurian 
and  carboniferous,  absence  of  rhsetic  and  lias.  Carbonaceous  system  of  Simla  Himalayas, 
Simla  slates  (132),  Blaioi  group,  glacial  boulder  beds,  infra-Krol  carbonaceous  slates  (133), 
Krol  or  Boileaugunj  quartzites,  felspathic  grits  of  western  Garhwal.  Upper  carbonaceous 
slates.  Volcanic  beds.  Kashmir  carboniferous  (134),  glacial  boulder  bed,  carbonaceous 
slates  and  volcanic  rocks,  fossils  (135),  affinities  of  fauna;  Trias.  General  similarity  to  car- 
bonaceous system  and  contemporaneity  of  origin  (136) ;  connection  of  Simla  and  Kashmir 
areas,  absence  of  fossils  south  of  snov^y  range.  Former  correlation  of  the  Blaini  groups 
consequent  errors  (137)*  Supposed  trias  fossils  in  Simla  district.  Outliers  in  Kjkg&a. 
Hazira,  carboniferous,  infra-trias  of  Sirban  MounUin  (138),  Tanol  series,  Trias  of  Hazara. 
(139).  Carbon  trias  of  Pir  Panjil  and  Dhaoladhir,  inliers  of  limestone  in  tertiary  zone. 
Karakoram  range,  Syringosphaera  beds  ( 140),  Afghinistin  and  SuUim&n  range.  Supposed 
carboniferous  of  Tenasserim.  Maulmain  group  (141).  Limestone  of  Tenasserim  and 
Merg^i  Archipelago.  Unfossiliferous  slates  of  doubtful  age ;  Khwaja  Amran  range,  not 
teitiary  (143),  serpentine  intrusions,  Trias  fossils  in  Baluchistan  ;  Arakan  Yoma  (144),  axial 
beds,  supposed  triassic  age ;  since  proved  to  be  nummulitic  (i44)»  Negrais  rocks,  description 
(145),  serpentine  intrusions  (146),  distribution.  Manipur  (147),  resemblance  to  rocks  of 
Simla  area.    Disang  group  of  upper  Assam  (148). 


CHAPTER  VII. 


THB   OONDWAnA   SYSTBM. 


Origi  n  of  name,  extra-peninsular  outcrops  (149),  distribution  in  the  Peninsula.  Fluvi- 
aiile  origin  (150),  possible  lacustrine  origin  of  the  Talchir  group,  relations  to  older  and  rewer 
rocks  (151).  Connection  of  outcrops  with  existing  river  valleys  V152),  faulted  boun- 
daries (i53)»  supposed  deposition  against  cliffs,  evidences  of  disturbance  (154).  Barrenness 
of  Gondwdna  rocks,  contrast  of  lower  and  upper  GondwAna  floras  (155),  classification 
of  the  Gondwdna  rocks  (156).  Talchir  group,  glacial  boulder  bed  (157),  glaciated  rock 
surfaces  in  Penganga  valley,  trappoid  btds,  resistance  to  weathering  (158),  flexible 
sandstone,  fossils,  possible  lacustrine  origin  {159),  evidence  of  existence  of  glaciers. 
Karharbari  group,  separation  from  Damudas  (i6j), description,  conformity  with  'I'alchirs, 
distribution  (161),  fossil  plants.  Damuda  series,  subdivisions  (162),  flora  (163);  Bara- 
kar  group  characteristics,  structure  of  the  coal  (164),  Hall  coal,  relation  to  Talchirs; 
Ironstone  shales  (165)  ;  Raniganj  group  {166)  ;  Damudas  of  Sdtpura  area,  Motur  group, 
Bi-ori   group   (167),  flora.      Goddvari   valle>  and    Chhati'sgarh,    l^mthi  group  (168), 
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description  and  flora,  Mdngli  beds  (169),  fossils.  Aimed  group.  Pdnchet  group  (170), 
fossils  (lyi)'  M'abddeva  series,  Pachniarbf  group  (172),  Denwa  and  Bdgra  groups  (173), 
otber  exposures  of  Mabiideva  rocks.  Dubrdjpur  group  (174)1  Rajmabiil  series,  volcanic 
rocks  (I75\  foci  of  eruption,  dykes  of  Rdjmabdl  age  (176;,  original  extent  of  volcanic 
rocks ;  interval  between  Damuda  and  Rdjmabal  periods ;  flora  of  the  Rdjmabdl  group 
(177),  contrast  between  Damuda  and  Rdjmabdl  floras;  outliers  on  east  coast,  Athgarh 
basin  (178),  Ellore  area,  subdivisions,  flora  of  the  Golapilli  group  (179)  Ragavapuram 
and  Tri petty  groups  (180),  marine  fossils  and  range  in  time  ;  Ongole  area,  tliree*fold 
division,  equivalent  to  groups  of  Ellore  area  (181) ;  Sripermatur  and  Sattav^u  groups; 
Trichinopoli  area  (182) ;  flora  of  the  Outliers  ( 1 83) ;  comparison  with  other  groups.  Kota- 
Mal^ri  groups  (184),  fauna  and  flora  (185),  presence  of  a  Pdnchet  fossil,  correlation  with 
the  Denwa  group.  >  Chikidla  group  (186).  Jabalpur  group,  flora  (187),  relative  age. 
Umia  group  (188),  flora  of  tbe  Umia  and  Katrol  groups;  Kdthidwdr  plant  beds  (189)* 
relation  of  Kdthidwdr  and  Umia  beds  to  Jabalpur  group  (190}. 


CHAPTER  VIII. 

HOMOTAXIS  CF  TH£  GONDWANA  SYSTEM. 

Controversy  now  extinct  (191  )>  affinities  of  the  Damuda  and  Rajmahdl  flora  (192). 
Heterogeneous  character  of  the  floras,  difficulty  of  determming  relationship  of  fossil  plants. 
Alliances  of  the  Pdnchet  flora  (193)  of  the  Umia  and  Jabalpur  floras  (iQ4),  palxontological 
contradiction  in  the  Umia  group.  Affinities  of  the  Gondwdna  faunas  (195),  Gondwdna 
£orainTongking(i963.  Gondwdnasof  Afghanistan  (19;).  Coal  measures  of  Australia, 
Hacchus  marsh  beds,  glacial  origin,  correlated  with  Talchir  beds  ;  sequence  in  New  South 
Wales,  marine  carboniferous  (198),  glacial  boulder  beds,  contemporaneous  with  Bacchus 
marsh  beds,  £ora  of  the  Stony  creek  and  Newcastle  beds  (199),  affinities  with  the  Damuda 
floras,  equivalence  of  Newcastle  and  Barakar  groups.  Hawkesbury  group,  recurrence  of 
cold  (200),  indications  of  cold  in  the  Pdnchet  group,  probable  equivalence.  South  Africa, 
Karoo  series  (207),  characters  and  distribution  (202),  classification,  Karharbdri  and  Damuda 
plants  in  the  Ecca  and  Beaufort  floras,  glacial  boulder  bed  in  Ecca  group  (203),  reptilian 
fauna  of  the  Beaufort  beds,  Australian  facies  of  Stormberg  flora  (204),  Uitenhage  series, 
affinities  with  Rdjmahdl  flora  (205).  Correlation  of  the  rock  groups,  equivalence  and  upper 
carboniferous  age  of  the  glacial  beds  and  of  the  Barakar,  Beaufort,  and  Newcastle  groups, 
permo- carboniferous  age  (206), Pdnchet,  Stormberg,  and  Hawkesbury  beds,  trias.  Rdjmahdl 
group,  doubtful  age  (207),  minor  uncertainties  of  the  correlation  (20S),  range  in  time  of  the 
Gondwdna  system.  Evidence  of  a  former  land  connection  with  Africa  (209),  close  connection 
of  Gondwdna  and  African  floras  necessitates  land  connection  (210),  evidence  of  marine 
provinces  in  Jurassic  and  cretaceous  periods ;  bearing  on  doctrine  of  permanence  of 
oceanic  areas  (211),  and  on  the  constitution  of  the  earth*s  interior.  Probable  changes  of 
latitude,  carboniferous  glacial  beds  within  the  tropics  (212),  recent  evidence  of  secular 
changes  of  latitude  (2 13),  Fisher's  theory  of  the  constitution  of  the  earth  (214). 


CHAPTER  IX. 

M.\RiN£  Jurassic  Rocks. 

Absence  in  peninsular  area.  Cutch  (215),  general  distribution  and  subdivision  (216), 
classification  (217);  Patcham  group  (218);  Chari  group,  subdivisions,  macrocephalus 
beds  (219),  Dhosa  oolite,  general  distribution  (220),  relations  of  the  Cephalopoda  ;  Katrol 
group  (221),  Kantkot  sandstone,  distribution  and  relation  of  the  Cephalopoda  (222),  Umia 
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gToapt  general  description  (223),  palacontological  contradiclion  between  flora  and  fauna 
(224),  upper  oolitic  age.  Correspondence  of  horizons  with  Europe  (225),  general  results 
of  the  examination  of  the  Cutch  Cephalopoda,  Jurassic  rocks  of  Western  Rijpatinii 
(226),  B^lmer  sandstone,  Jaisalmer  limestone,  Bedesar  and  Parihar  groups  (227),  Abur 
gitmp  or  Kochri  ammonite  bed.  Salt  range,  connection  in  Cutch  jurassics  (228).  Himii- 
lajas,  Spiti  shales,  Gimnal  sandstone,  Jurassics  of  Haztoi  (229).  DoabtlBl  jurassics  of 
Western  G«rhwiU,  Til  beds,  (ajo.) 


CHAPTER  X. 

Marine  cretaceous  rocks  of  the  Indian  Peninsula. 

History  (231),  distribution  and  relation  to  other  rocks  (232),  classification.  Utalur 
group,  general  description  (233),  coral  reefs,  littoral  character  of  upper  beds,  derivation 
of  sediment  from  the  north  (234),  fossil  wood,  distribution,  fauna  (235),  middle  cre- 
taceous, presence  of  older  forms;  Trichinopoli  group,  general  description,  granitic 
pebbles  (236),  source  of  the  pebbles,  littoral  character  of  deposits,  unconformable  to  Ula- 
tur  group  (237),  distribution,  fauna,  Jurassic  types  (238) ;  Ariyalur  group,  possible  sub- 
division (239),  conformity  to  Trichinopoli  group,  distribution  (240),  relation  to  older  and 
nein*er  rocks,  mode  of  formation,  rk:hness  of  fauna  (241),  upper  cretaceous  age,  Jurassic 
types,  abundance  of  gasteropoda,  occurrence  of  Megalosaurus  an  oolitic  reptile  (242). 
Richness  of  South  Indian  cretaceous  fauna  (243),  palaeontological  anomalies,  creta- 
ceous fossils  of  Sriperrtiatur  (244);  distribution  of  invertebrate  fossils,  in  the  groups 
(245).  Affinities  of  fauna  with  Kh4si  hills  cretaceous  fauna  (246),  and  with  South  African 
cretaceous  fauna  (247),  former  continuity  of  coast  line.  Western  India,  Bagh  beds 
(248),  general  description,  nodular  limestone,  Deola  and  Chirdkh&n  marl,  coralline  lime- 
stone (249),  fMtna  of  the  gronps  (250),  correlation,  cenomanian  age,  contrast  to  fauna  of 
Sooth  Indian  cietaceons  (251),  large  proportion  of  European  fbrms,  cre^ceoos  fauna  of 
Arabia,  contrast  with  South  African  fauna  (253),  a  land  barrier  between  the  marine  prov 
inces.  Nimiv  sandstone,  doubtful  cretaceous  age,  possibly  Mahiuieva.  Wadhwin  sand- 
stones of  Kiithiawir  (253),  equivalence  with  Wm&r  sandstones,  and  age.  Stratigraphical 
relation  to  Deccan  trap  (254). 


CHAPTER  XI. 

Dbccan  Trap. 

Extent  (255),  name,  peculiarities  of  scenery  (256),  vegetation,  petrology,  abundance 
of  amygdaloids  (257),  columnar  structure,  volcanic  ash  (258),  bole  beds,  mineral  constitu- 
ents (259),  secondary  minerals,  zeolites  (260),  horizontality^^f^tt^jedding,  thinn(  ss  of  separ« 
ate  flows  (261),  sedimentary  beds,  thickness  of  the  series  (262).  Lametd  group,  general 
descnptk>n  (263),  relations  to  underlying  rocks,  and  to  overlying  trap,  distribution,  rarity 
of  fossils  (264),  fauna.  Intertrappeans  (265),  general  description  (2f6),  alternation  with 
trapSy  small  extent  of  individual  beds,  distribution  (267),  fossils,  fresh  water  origin. 
Rij^mahendri  outcrops  (268),  infratrappean,  fossils,  relation  cretaceous  of  Southern  Indian 
marine  origin,  doubtful  correlation  with  Lamet&  group  (269),  intertrappeans,  description 
fossils,  estuarine  origin  (270),  relationship  of  fauna.  Intertrappeans  of  Bombay,  position 
in  trap  series  (271),  confined  to  uppermost  beds,  description  (272)  fossils,  deposited  in 
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marshes  (273).  Origin  of  the  traps,  characteristics  of  siibaqaeous  eruptions,  absence 
of  stratified  ash  beds,  or  marine  organisms  in  the  Deccan  traps  (274).  Uneven  sur-* 
face  of  underlying  rocks,  subaerial  erosion  of  Bigh  beds,  fresh  water  origin  of  inter- 
stratitied  sedimentary  beds  (275),  hypothesis  of  subaqueous  origin  in  a  large  lake  rejected 
(276),  difficulty  of  accounting  for  horizontality.  Sources  of  eruption,  evidence  of  ash 
beds,  distribution  of  dykes  (277),  Rijpipla  hills,  supposed  vents  in  the  Konkan,  trachytic 
cores  (2 78),  distribution  of  dykes  outside  trap  area  (279),  lavas  flowed  far  from  their 
sources.  Age  of  the  Deccan  trap,  unsatisfactory  evidence  of  Rdjdmahendri  beds,  inter- 
trappean  fauna  (280),  relation  to  eocene  of  France  and  Laramie  of  Amcricai  relation  to 
cretaceous  of  Narbadi  valley  (281)  and  to  tertiary  in  Surat,  Cutch,  and  Sind,  general 
conclusion  (282).    Recapitulation,  history  of  the  Deccan  trap  period  (283). 


CHAPTER  XII. 

CRETACBOUS   ROCKS   OF  THE  EXTRA   PENINSULAR   AREA. 

Continuity  of  cretaceous  and  tertiary  deposits,  breaks  in  the  tnccession  only  locaL  Iso- 
lated exposures  of  lower  cretaceous  recks  (285),  Cutch,  Chichdli  pass,  Hazdra.  Cretaceous 
of  Sind  (286),  Hippurite  limestone  (287),  Cardita  beaumonti  beds  (288),  age,  volcanic  beds* 
Baliichistin  (289),  Hippurite  limestone,  Belemnite  beda,  unconformity,  Dunghan  group  (29o)> 
palseontological  anomaly  of  fauna ;  section  near  Kheldt  (291) ;  SnlUmiui  range.  Petroleont 
(392).  AfgliiLnistan,  Kandahar  section,  volcanic  beds,  basic  (293)9  and  syenitic  intrusions  . 
Turkist^  section.  Central  Himiilayas,  Chikkim  series  (204).  Thibet.  Assam,  Khisi  hills, 
coal  beds,  Chera  sandstone  (295),  original  limitation.  Giro  hills,  Jaintia  hills  (296).  Arakan 
Yoma,  Ma-i  group,  rocks  included  and  extent.  Supposed  cretaceous  of  Tenasserim  (297)' 


CHAPTER  XIII. 

TERTIARY  DETOsiTS  {ixcludifig  thost  of  the  Himalayas). 

Peninsular  tertiary  confined  to  west  coast.  Travancore  (299).  Ratnigiri.  Surat  and 
Broach,  laterite  beds  (300),  nummulites,  upper  gravelly  beds  (30 O,  no  nummulites.  Ter- 
tiary of  extra-peninsular  area,  difference  between  upper  and  lower.  Tertiaries  of  Sind,  classi 
iication  (302).  Rdnikot  group,  description  (303) age;  Baluchistan  area,  Gbiizij  groop^ 
Pseudo-conglomerate  (302),  coal  seams,  original  limitation ;  conformity  of  tertiary  with 
cretaceous.  Kirthar  group  in  Sind  (305),  Rohri  hills,  local  unconformity  to  Rinfkot  group, 
change  of  character  to  the  south  (306),  relation  to  Rdnfkot,  evidence  of  the  ecbinoderms  • 
Baluchistim  area,  Spintangi  group,  nodular  structure,  gypsum  beds  (307) ;  outliers  in  Western 
R^jputana.  Ndri  group  in  Sind,  subdivision  (308),  possible  original  limiUtion,  change 
of  character  to  the  south  (309),  possible  fluviatile  origin  of  upper  Ndri,  age,  exposures  in 
Baliichistin  (310).  Gdj  group  in  Sind,  absence  of  nummulites,  passage  into  Manchhar 
series,  change  of  character  to  the  south  (3 n),  general  conformity  and  local  unconformitj*. 
Ndri  group,  fossils  (312).  Manchhar  series,  equivalent  to  Siw^liks,  subdivision,  differ- 
ence between  lower  and  upper  (313),  local  unconformity  to  lower  beds,  general  conformity, 
marine  beds  to  the  south  (3I4)»  distribution  5  Mekran  group  (315),  fossils,  probable  marine 
equivalent  of  the  Manchhars.  Fossils  of  the  manchhar  series  (316),  character  of  the 
vertebrate  fauna  (317).  Balucbistin  area,  unconformity  between  StwiUik  and  nnmmnlitic, 
Siwiliks  of  the  Quetta  valley  plains,  distmbed  river  gravels  (318),  vertebrate,  and  aberrant 
fresh  water  molluscan,  fossils  in  Bugti  hills.    Tertiaries  of  Cutch  (319).  relatk>n  to  Deccan 
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%fap,  classifkatiofi  (320) ;  sub-nummulitic  group ;  gypseous  shales ;  nummulitic  limestoiTc 
(321) ;  arenaceous  group;  argillaceous  group,  equivalent  to  Gdj ;  upper  tertiary  (322), 
KatliiiwAr,  eocene  oatciope,  miocene  beds,  upper  tertiaries  of  Perim  islaiid(323),  Mamoialian 
fmmm,  Dw&rk4  beds  (324)*  Afghan  Turkistdn.  Kohdt  tertiaries,  classiRcation  C325),  rock 
salt  and  gypsum  (326),  difference  from  Salt  range  Salt  Marl,  nummulitic  beds  (327),  upper 
tertiaries.  Eoceoe  vdcaaic  beds  of  Thai.  Assam,  Garo  hills  nummulitic  (328),  increase 
of  limestone  to  the  east ;  Kh^i  hills»  Cherapunji  coal  (329),  relation  to  cretaceous  fossils 
isy^h  A  ^imxt  of  deposition,  easterly  extension  of  nummulittcs.  Coal  measures  of  upper 
Assam  (331),  probable  eocene  age.  Upper  tertiaries.  Giro  hills,  marine  beds  (332),  disturb- 
ance, outliers  on  high  ground  (333),  Ndgi  and  Manipur  hills,  upper  Assam  (334)  Dis- 
tribnttoa  of  upper  tertiaries,  original  extent,  special  fq)heaval  in  Manipur  (335)*  Tertiaries 
of  Burma,  classification,  nummulitics  (336),  general  description  (337),  coal  bed,  exposures 
west  of  the  Arakan  Voma ;  Pegu  group  (338),  Sitsyahn  shales,  Prome  beds,  volcanic  bed, 
extent  (339)  possible  cretaceous  inliers,  possible  representative  west  of  Arakan  Yoma, 
Fossil  wood  group  (340X  fossil  wood,  vertebrate  fossils  ^341).  shark's  teeth,  probable  fresh 
water  origin,  former  extension  (342) ;  Upper  Burma,  volcanic  outbursts.  Tertiary  coal 
bearing  beds  of  Tennasserim  (3  ^3).  Andaman  and  Nicobar  islands,  Archipelago  series 

(344). 


CHAPTER  XIV. 
Tertiaries  of  the  HimIlayas  (including tho  Narth-WesUm  Punjab). 

Two  areas,  central  and  Outer  HimiUayas.  Indus  valley,  glacial  beds  (315),  doubtful 
tertiary  age,  nummulitic  limestone,  volcanic  beds  1346),  original  extension,  outliers; 
(747),  tertiaries  of  Hnndes.  Doubtful  tertiaries  nortii  of  ^kkim.  Outer  Himilayas  (34H), 
classification,  Sirmur  series,  Subiithu  group  (349)  ferruginous  bottom  bed,  relation  to 
older  rocks;  Dagsh^i  group  (350),  Kasauli  group,  passage  from  marine  to  fresh  water 
conditions  ;  Subathn  inliers  of  Jammu  hills  (351)  Salt  Range  tertiaries,  nummulitic 
limestone,  C^irdiic^beaumonti  beds.  Hill  nummulitic  limestone  Of  Hazara  (352),  inliers 
in  newer  tertiaries.  Correlation  of  Eocene  beds,  east  and  west  of  the  Jehlam  (35:^).  Salt 
range  nummulitics  older  tkan  Subathn,  unconformity  at  top  of  Salt  range  nummulitic  lime- 
stone, possible  equivalence  to  hill  nummulitic  limestone,  older  than  Subathu  1 354).  Mnrree 
beds,  age,  mammalian  fossils  from  supposed  Mnrree  beds  (355).  Siwilik  series  ;  lower 
Siwaliks.  Nahan  group  '336),  lithological  similarity  to  Dagshai  group,  distinctness,  limi- 
tation (357),  fossUs;  middle  and  upper  Siwiliks,  subxrial  origin  of  Siwiiliks  (35S)  thickness. 
Age  of  the  SiwiUks,  Molluscan  (3S9)  and  mammalian  fauna,pleistocene  and  miocene  types, 
gfenerat  character  of  fauna  (361},  large  proportion  of  recent  mixed  with  ink)cene  genera 
(362),  evidence  of  reptiles,  fishes,  and  birds,  pliocene  age  (363);  relation  to  Manchhar  fauna 
<A  Smd.  Pikermi  beds  (364),  fauna,  affinities  to  Siwalik,  mkxene  species  (365),  pliocene 
age.  Migration  of  miocene  mammals  of  Europe  to  Africa  (367),  and  to  India,  non-exist- 
ence of  Himilayas  in  miocene  period.  Relation  of  Siwdlik  to  recent  fauna,  disappeai^ 
ance  of  dominant  types  (367),  influence  of  the  glacial  period. 


CHAPTER  XV. 

Lateritb. 

Laterite,  importance,  order  of  description  (369).  composition,  character  (370),  scoria^ 
ceous  aspect  (371),  Hthomarge,  detrital  nature,  recementation, barrenness  (372).  High  level 
and  low  Ie\-el  laterite,  distinction  of  distributbn,  no  distinction  of  character  (373),  difficulty 
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of  ascertaining  detrital  or  non-detrital  origin  of  laterite.  Distrtbudon  of  high  level  tate- 
rite  (374),  laterite  of  Rajmahal  hills  (375),  denudation  and  antiquity  of  the  high  levd 
laterite  (376),  distribution  of  low  level  laterite  (378),  origin  of  laterite,  chemical  change, 
transference  of  if  on  oxide,  hypothesis  of  origin  by  alteration  of  basalt  (379)>  passage  of 
basalt  into  laterite,  deficiency  of  iron  in  basalt  (380),  absence  of  amygdules  in  laterite,  only 
certain  lava  flows  capable  of  alteration  into  laterite,  hypothesis  not  universally  applicable 
(381),  difficulties  of  supposing  sedimentary  origin,  resistance  to  denudation,  detrital  origin 
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THE    GEOLOGY   OF    INDIA 


CHAPTER  I. 

PHYSICAL   GEOGRAPHY. 

Scope  of  the  work — Threefold  division  of  British  India— Conttast  between  extra-peninsular  and 
peninsular  areas — Mountain  ranges  of  the  Peninsula — Extra-peninsular  mountain  ranges 
— Drainage  of  extra-peninsular  ranges — River  system  of  the  Peninsula-— Evidence  of 
changes  of  level  in  the  Peninsula — Changes  of  coast  line — Glacial  epoch  in  India — 
Volcanoes — Doubtful  cases  of  volcanic  action — Salses,  or  mud  volcanoes. 

THE  limits  of  the  area,  whose  geology  is  treated  of  in  this  book,  coincide 
with  the  limits  of  the  jurisdiction  of  the  Governor-General  of  India.  In 
some  few  cases  references  to  the  geology  of  adjoining  countries  will  be 
found,  but  such  are  not  many,  and  are  all  imperfect  as  they  depend  on 
observations  which  were  made  during  hurried  traverses  and  under  cir- 
cumstances precluding  the  idea  of  detailed  geological  work.  In  spite  of 
these  drawbacks  the  results  have  often  been  important,  interesting  and 
impossible  to  ignore,  but  there  is  generally  less  reason  to  congratulate 
ourselves  on  the  knowledge  obtained  of  countries  across  the  border  than 
to  deplore  our  ignorance  of  large  tracts  within  it. 

The  general  shape  and  principal  features  of  British  India,  the  great 
triangular  promontory  with  the  pear-shaped  island  of  Ceylon  south-east  of 
its  extremity,  the  great  range  of  the  Himalayas  to  the  north,  and  the  large 
area  of  Burma  to  the  east,  running  down  into  the  narrow  strip  of  Tenasserini 
along  the  east  coast  of  the  Bay  of  Bengal,  arc  well  enough  known,  as  well 
as  the  principal  political  divisions  of  the  empire.  But,  for  geological  pur- 
poses, the  important  point  to  be  noticed  is  the  threefold  division  of  this 
area  into,  /j/,the  great  Indo- Gangetic  alluvial  plain,  comprising  the  Punjab 
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'and  Hindustiii  proper,  ^vith  Bengal  and  the  eastern  prolongations  up  the 
j    valleys  of  the  Brahmaputra  and  the  Birak  ;  2nd^  the  triangular  area  of  the 
;  Peninsula,  lying  to  the  south  ;  and  jrd^  the  extra-peninsular  area,  compris- 
ing the  hilly  country  west,  north,  and  east  of  the  Indo-Gangetic  plain. 

Nor  is  this  division  an  arbitrary  one.  The  geological  history  of  the  pen- 
insular and  extra-peninsular  areas  has  been  radically  diiferent.  Since 
the  latter  end  of  the  pakeozoic  era  the  former  appears  to  have  been  an 
area  of  dry  land ;  no  sedimentary  formations  of  marine  origin  have  been 
found  except  near  the  present  sea  coasts,  and  there  they  thin  out  against 
the  older  rocks  on  which  they  rest,  in  a  manner  suggesting  that  the  shore 
line  cannot  have  been  very  far  removed  from  the  present  position  of  the 
coast  when  they  were  being  deposited.  In  the  extra-peninsular  area,  on 
the  other  hand,  marine  deposits  range  through  the  palaeozoic  and  mezozoic 
eras,  and  only  in  the  latter  part  of  the  tertiary  period  is  there  any  great 
development  of  deposits  formed  on  dry  land. 
^<^  Structurally  too  the  two  areas  differ  greatly.  The  Peninsula  has  under- 
gone no  great  compression  since  the  close  of  the  palaeozoic  era,  and  the 
beds  all  lie  at  low  angles  of  dip.  In  the  extra-peninsular  area  the  con- 
ditions are  totally  different;  the  rocks  have  everywhere  undergone  great 
compression  and  disturbance  since  the  commencement  of  the  tertiary 
period,  a  disturbance  which  ranges  in  degree  from  the  comparatively 
regular,  though  high  dipping,  folds  of  the  Baluchistan  and  Punjab  hills,  to 
the  complicated  overfolds  and  thrust  faults  of  the  Himalayas. 

This  difference  in  geological  history  finds  its  expression  in  the  differ- 
ence of  the  present  contours  of  the  t;vvo  areas.  In  the  extra-peninsular 
area  we  have  mountain  ranges  which  coincide  with  regions  of  special  eleva- 
iion,  that  is,  the  courses  of  the  principal  chains,  and  often  of  the  minor 
ridges,  are  governed  by  their  structure  and  are  the  direct  result  of  the 
compression,  and  consequent  disturbance  and  elevation  they  have  under- 
gone. As  a  result  of  this,  the  valleys  are  deep,  narrow,  and  steep-sided, 
the  rivers  and  streams  rapid  and  torrential  in  their  nature,  and,  as  a 
rule,  evidently  actively  at  work  in  deepening  their  valleys.  In  the  penin- 
sular area,  on  the  other  hand,  the  mountains  are  all  remnants  of  large 
table-lands,  out  of  which  the  valleys  and  low  lands  have  been  carved.  The 
valleys,  with  a  few  local  exceptions,  are  broad  and  open,  the  gradients  of 
the  rivers  low,  and  the  whole  surface  of  the  country  presents  the  gently 
^      undulating  aspect  characteristic  of  an  ancient  land  surface. 

Such,  broadly  speaking  and  subject  to  some  minor  exceptions,  are  the 
contrasting  characteristics  of  the  two  areas.  In  the  country  lying  west 
of  the  Arivaliis,  between  them  and  the  Indus,  there  is  a  tract  of  geo- 
gra^^liically  debateable  ground,  which  exhibits  a  combination  of  the 
characteristics  of  the  two  areas.  The  rocks  exposed  are  very  largely 
secondary  and  tertiary  beds  of  marine  origin,  agreeing  in  this  with  those  of 
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tbe  extra-peninsular  area,  while  in  their  low  undulating  dips  and  absence 
of  any  marked  degree  of  disturbance,  they  approach  the  type  of  the  penin- 
sular area.  On  the  north-east  again  beds,  belonging  to  formations  which 
are  characteristically  peninsular,  are  found  in  the  Himalayas  of  Sikkim 
and  north  of  the  Assam  valley,  and  in  the  hills  intervening  between  the 
Brahmaputra  and  Bdrak  rivers.  We  will  find  the  explanation  of  these  ex- 
ceptions to  the  geological  contrast  between  the  two  areas  in  the  great 
structural  disturbances  which  took  place  during  the  tertiary  period,  and 
profoundly  modified  the  outlines  of  that  ancient  land  surface  of  which 
tbe  Peninsula  proper  is  but  a  remnant. 

The  nomenclature  of  Indian  mountain  ranges  is  still  a  difficulty,  it  being 
a  rare  exception  that  any  definite  term  is  applied  to  a  mountain  chain, 
throughout  its  extent,  by  the  people  of  the  country.  In  many  parts  of  India 
peaks  and  passes  have  names,  but  the  ranges  have  none  and,  even  if  names 
exist,  their  application  is  not  unfrequently  vague.  Thus,  the  ancient  name 
of  '  Vindhya,'  applied  to  the  hills  separating  Hindustan  proper  or  the  Gan- 
getic  country  from  the  Deccan  (Dakshin  or  south),  has  now,  by  common 
consent,  been  restricted  to  the  hills  north  of  the  Narbadi,  but  it  appears 
almost  certain  that  the  term  originally  applied  also  to  the  ranges  now  known 
as  Sitpura,  south  of  the  river,  and  it  is  very  probable  that  the  latter  hills  were 
more  especially  indicated  by  the  term  "  Vindhya  "  than  the  former.  The 
term  ''Sitpura  "  again  was  of  very  indefinite  application  and  probably  in- 
cluded other  ranges  besides  that  to  which  it  is  now  restricted.  The  names 
here  applied  are  those  employed  by  the  latest  writers  on  Indian  geography, 
but  some  of  them  are  by  no  means  generally  adopted  on  maps. 

The  most  important  mountain  ranges  of  the  Peninsula  are  the  Sahyadri, 
ar  Western  Ghits,  running  along  the  western  coast  from  the  Tipti  river  to 
Cape  Comorin,  at  the  southern  extremity  of  the  Peninsula;  the  Seitpura, 
running  east  and  west  on  the  south  side  of  the  Narbadd  valley,  and 
dividing  it  from  the  drainage  areas  of  the  Tipti  to  the  westward,  and  the 
Godivari  to  the  eastward ;  and  the  Aravalli,  striking  nearly  south-west  to 
north-east,  in  Rijputina.  The  so-called  Vindhyan  range,  north  of  the 
Narbadd,  and  the  eastern  continuation  of  the  same  north  of  the  Son  valley, 
known  as  the  Kiimur  range,  are  merely  the  southern  scarps  of  the  Vindhyan 
plateau  comprising  Indorc,  Bhop^l,  Bundelkhand,  etc.  The  plateaux  of 
Hazdribigh  and  Chutii  Ndgpur  (Chota  Nagpore)  in  south-western  Bengal 
appear  to  form  a  continuation  to  the  eastward  of  the  Sitpura  range,  but 
there  is  no  real  connection  between  these  elevations  and  the  Sitpura  chain. 
They  are  formed  of  different  rocks  and  there  is  no  similarity  in  the  geo- 
logical history  of  the  two  areas,  so  far  as  it  is  known.  In  many  map^^  a 
range  of  mountains  is  shown  along  the  eastern  coast  of  the  Peninsula,  and 
called  the  Eastern  Ghits.  This  chain  has  not  the  same  unity  of  structure 
or  outline  as  the  Western  Ghdts.     It  is  composed  to  the  southward  of  the 
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south-eastern  scarp  of  the  south  Mysore  plateau,  on  the  east  of  the  Yella- 
konda  range  along  the  eastern  margin  of  the  Cuddapah  transition  basin, 
and  further  north  of  the  south-eastern  scarp  of  the  Bastir- Jaipur  pla- 
teau, north-west  of  Vizagapatam,  and  of  several  short  isolated  ridges  of 
metamorphic  rocks,  separated  fron^  each  other  by  broad  plains  and  having 
in  reality  but  little  connection  with  each  other.  There  are  also  several 
minor  ranges,  such  as  the  Rijmahdl  hills  in  western  Bengal,  thcIndhySdri 
between  the  Tdpti  and  Goddvari,  the  Nal-amalai  (Nullamullay)  near  Cud- 
dapah, north-west  of  Madras,  and  the  little  metamorphic  plateaux,  such 
as  the  Shevaroys,  Pachamalai,  etc.,  scattered  over  the  low  country  of 
the  Carnatic,  Fouth-west  of  Madras. 

The  peculiarity  of  all  the  main  dividing  ranges  of  India  is  that  they 
are  merely  plateaux,  or  portions  of  plateaux,  which  have  escaped  denudation. 
There  is  not  throughout  the  length  and  breadth  of  the  Peninsula,  with  the 
possible  exception  of  the  Arivalli,  a  single  great  range  of  mountains 
that  coincides  with  a  definite  axis  of  elevation,  not  one,  with  the  exception 
quoted,  is  along  an  anticlinal  or  synclinal  ridge.  Peninsular  India  is,  in 
fact,  a  table-land  worn  away  by  sub-aerial  denudation,  perhaps  to  a 
minor  extent  on  its  margins  by  the  sea,  and  the  mountain  chains  are 
merely  the  dividing  lines,  left  undenuded  between  different  drainage  areas. 
The  Sahyidri  range,  the  most  important  of  all,  consists  to  the  northward 
of  horizontal  or  nearly  horizontal  strata  of  basalt  and  similar  rocks,  cut 
into  a  steep  scarp  on  the  western  side  by  denudation,  and  similarly  eroded, 
though  less  abruptly,  to  the  eastward.  The  highest  summits,  such  as 
Mahdbaleshwar  (4,540  feet)  are  perfectly  flat-topped,  and  are  clearly  un- 
denuded remnants  of  a  great  elevated  plain.  South  of  about  16^  north 
latitude,  the  -horizontal  igneous  rocks  disappear,  the  range  is  composed 
of  ancient  metamorphic  strata,  and  here  there  is,  in  some  places,  a  distinct 
connection  between  the  strike  of  the  foliation  and  the  direction  of  the  hills, 
but  still  the  connection  is  only  local  and  the  dividing  range  consists  either 
of  the  western  scarp  of  the  My3Qve  plateau,  or  of  isolated  hill  groups, 
apparently  owing  their  form  to  denudation.  Where  the  rocks  are  so 
ancient  as  are  those  that  form  all  the  southern  portion  of  the  Sahyidri,  it  is 
almost  impossible  to  say  how  far  the  original  direction  of  the  range  is  due  ^ 
to  axes  of  disturbance;  but  the  fact  that  all  the  principal  elevations, such  ^ 
as  the  Nllgiris  (Neilgherries),  PalnJs  (Pulneys),  etc.,  some  peaks  of  which 
rise  to  over  8,000  feet,  are  plateaux,  and  not  ridges,  tends  to  show  that 
denudation  has  played  the  principal  share  in  determining  their  contour. 

The  southern  portion  of  the  Sahyddri  range  is  entirely  separated  from 
the  remainder  by  a  broad  gap,  through  which  the  railway  from  Madras  to 
Beypur  passes  west  of  Coimbatore.     The  Anamalai,   Palni,  and  Travan-^ 
core  hills,  south  of  this  gap,  and  the  Shevaroy  and  many  other  hill  groups 
scattered  over  the  Carnatic,  may  be  remnants  of  a  table-land  once  united^ 
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to  the  Mysore  plateau,  but  separated  from  it  and  from  each  other  by 
ancient  marine  denudation.  Except  the  peculiar  form  of  the  hills,  there 
IS  bat  little  in  favour  of  this  view,  but  on  the  other  hand  there  is  nothing 
to  indicate  that  the  hill  groups  of  the  Carnatic  and  Travancore  are  areas 
of  special  elevation. 

The  whole  of  the  western  Sitpuras,  from  their  western  termination  in 
the  Rcljpipla  hills  to  Astrgarh,  consist  of  basaltic  traps,  like  the  Sahyidri« 
It  is  true  the  bedding  is  not  horizontal,  but  the  dips  are  low  and  irre- 
gular, and  have  no  marked  connection  with  the  direction  of  the  range. 
The  central  S^tpuras,  comprising  the  Pachmarhf  or  Mahddeva  hills,  from 
the  gap  in  the  range  at  Asirgarh  to  near  Narsinghpur,  are  composed  chiefly 
of  horizontal,  or  nearly  horizontal,  traps,  but  partly  of  sandstones  and  of 
mptamorphic  rocks,  and  there  is  here  again,  as  in  the  southern  Sahyidri, 
some  connection  between  the  strike  of  the  foliation  in  the  latter  and  the 
direction  of  the  ranges.  The  highest  peaks,  however — those  of  Pachmarlu 
(4,380  feet) — are  of  horizontal  mesozoic  sandstones.  Farther  east  still 
the  Sitpuras  consist  entirely  of  horizontal  traps,  terminating  in  the  plateau 
of  Amarkantak,  east  of  Mandld.  East  of  this  plateau  there  is,  north  of 
Bilispur,  a  broad  expanse  of  undulating  ground  at  a  lower  level,  and 
farther  to  the  eastward  again  rises  the  metamorphic  plateau  of  Chutii 
N€[gpur,  capped  in  places  by  masses  of  horizontal  trap  and  laterite.  These 
formations  were  apparently  once  continuous,  across  the  low  ground  near 
Bilispur,  with  the  same  strata  on  an  equal  elevation  at  Amarkantak. 
Silnilar  outliers  occur  on  the  Bundelkhand  plateau,  north  of  the  Narbad^, 
all  tending  to  the  same  conclusion — that  the  low  valleys  of  central  India 
are  merely  denudation  hollows,  cut  by  rain  and  rivers  out  of  the  original 
plateau  of  the  Peninsula.  The  chief  exceptions  to  this  law — the  instances 
in  which  the  strike  and  dip  of  the  rocks  appear  to  have  produced  import- 
ant effects  on  the  contour  of  the  country— are  to  be  found  amongst  the 
metamorphic  and  transition  formations. 

It  is  true  that  some  small  ridges  are  formed  of  azoic  and  mesozoic  sand- 
stones, in  places  where  the  beds  of  these  systems  have  been  disturbed, 
but  the  only  important  lines  of  disturbance  in  either  appear  to  be  due  to 
older  axes  of  metamorphic  foliation,  and  it  is  a  rare  case  to  find  that  the 
strike  of  the  sandstones  appears  to  have  much  effect  upon  the  directions  of 
the  hills  and  valleys.  A  possible  exception  occurs  in  the  Dimodar  valley 
in  Bengal,  but  even  this  is  a  disputed  case,  and  the  subject  will  be  dis- 
cussed in  the  chapters  relating  to  the  Gondwina  system. 

This  remarkable  absence  in  the  Indian  Peninsula  of  any  evidence  of 
disturbance  in  late  geological  times— a  feature  which  abruptly  distinguishes 
the  whole  area  from  the  remainder  of  Asia — will  be  further  noticed  in  the 
sequel;  at  present  it  is  sufficient  to  remember  that  the  principal  mountain 
chains  of  the  Indian  Peninsula  are,  with  one  exception,  not  coincident  with 
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axes  of  disturbance  or  elevation,  and  to  note  the  contrast   in  the  extra 
peninsular  area. 

The  Aravalli  differs  from  the  other  great  ranges  of  India  in  being 
entirely  composed  of  disturbed  rocks,  with  the  axes  of  disturbance  cor- 
responding with  the  direction  of  the  chain.  The  formations  found  in  the 
Aravalli  range  belong  to  the  transition  rocks,  and  are  of  great  antiquity ; 
for  the  most  part  they  are  much  altered,  they  are  quite  nnfossiliferous, 
and  there  is  evidence  which  renders  it  probable  that  the  elevation  of  the 
range  dates  from  a  period  anterior  to  the  deposition  of  the  Vindhyan 
rocks,  themselves  of  unknown  age  but  almost  certainly  not  of  later  date 
than  carboniferous,  whilst  the  fact  that  these  Vindhyan  rocks  are  found 
almost  horizontal  in  the  neighbourhood  of  the  AriNalli  range,  on  both 
sides  cf  the  chain,  shows  that  here,  as  elsewhere  in  the  Peninsula,  the 
forces  which  have  affected  the  extra-peninsular  area  in  later  geological 
epochs  have  not  been  felt. 

Passing  to  the  other  side  of  the  Indo-Gangetic  plain — no  matter  whether 
the  region  reached  be  to  the  westward  in  Sind  and  the  Punjab,  to  the 
northward  in  the  Himalayas,  or  to  the  eastward  in  Chittagong  and  Burma 
•^-the  mountain  ranges,  with  the  exception  of  the  Salt-range  and  the  Assam 
range,  are  everywhere  composed  of  disturbed  and  contorted  beds,  and  the 
disturbance  has  invariably  affected  rocks  of  late  geological  age.  The 
amount  of  alteration  may  be  small  or  great,  the  hills  may  consist  of  simple 
anticlinal  folds  as  in  Sind,  or  of  the  most  complicated  inversions  as  in  parts 
of  the  Himalayas,  the  strike  of  the  bedding  may  vary  from  east  and  west 
to  north  and  south,  but  two  characters  are  constant — great  disturbance 
affecting  all  the  formations,  and  the  coincidence  of  the  direction  of  the 
ranges  with  synclinal  and  anticlinal  ax.es. 

The  nomenclature  of  extra-peninsular  mountain  ranges  is  compassed 
with  the  same  difficulty  as  those  of  the  Peninsula,  owing  to  the  absence  of 
local  names  except  for  individual  ridges,  peaks  or  passes,  and  has  been 
further  complicated  by  a  want  of  unanimity  among  geographers  as  to  the 
true  limit  of  the  term  'mountain  range/  Different  geographers  have  recog* 
nised  from  two  to  seven  distinct  ranges  in  that  great  system  of  mountains, 
collectively  known  as  the  Himalayas,  which  rises  to  the  north  of  the  Indo- 
Gangetic  plain,  and  the  opinions  regarding  the  true  western  limit  of  the 
principal  range  have  varied  from  that  which  regards  it  as  ending  in  the 
Simla  spur  to  that  which  looks  on  it  as  continuous  with  the  Hindu  Kush, 

These  contradictory  opinions  are  all  more  or  less  correct,  according 
to  the  limited  point  of  view  of  the  individual  author,  but  if  we  look  below 
the  accidents  of  surface  contour  to  the  underground  structure  of  this  «>^reat 
mass  of  hills,  we  find  in  their  geological  structure  and  composition  that  thev 
owe  their  elevation  to  a  great  series  of  earth  movements,    which    must    be 
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regarded  as  a  single  and  continuous  system  of  disturbance,  and  this 
structural  unity  is  now  generally  held  to  unite  the  separate  chains  into 
a  single  system  of  mountains  to  which  the  term  of  '  range '  is  inapplicable, 
unless  we  give  it  a  wider  application  than  is  usual.  The  details  of  the 
physical  geography  of  this  great  system  of  mountains,  which  stretches  from 
the  Indus  to  the  Brahmaputra,  have  so  important  a  bearing  on  the  history 
of  its  elevation  that  they  will  be  deferred  to  a  subsequent  chapter. 

At  its  north-western  extremity  the  great  snowy  range  of  the 
Himalayas  bends  round  into  the  Hindu  Kush,  which  runs  south-westwards 
along  the  southern  side  of  the  upper  Oxus  valley.  On  tlieir  southern 
boundary  the  strike  bends  round  to  southwards  at  the  valley  of  the  Jeh- 
lam,  and  from  this  termination  of  the  Himalayas  proper  there  extends 
through  Afghanistan  and  Baluchistin  a  complicated  series  of  hill  ranges  ot 
whose  detailed  geograpiiy  very  little  is  known. 

The  proper  nomenclature  and  classification  of  these  hill  ranges  Is  a  dif- 
ficult matter  to  determine,  and,  in  the  present  state  of  our  knowledge,  both 
geographical  and  geological,  it  Is  impossible  to  arrive  at  a  satisfactory  result. 
An  attempt  has  been  made  to  classify  these  ranges  according  to  the  ''  sys- 
tem of  disturbance "  they  belong  to,  which  would  hardly  need  mention 
wete  it  not  for  the  eminence  of  its  author  and  the  nature  of  the  conclu- 
sions arrived  at.  In  his  great  work  '*  Das  Antlitz  der  Erde,^'  Prof.  Suess 
lias  regarded  the  Salt-range  of  the  Punjab  as  forming  part  of  the  foot  hills 
of  the  Hindu  Kush,  and  has  united  all-the  ranges  between  ; it  and  what  is 
known  to  geographers  as  the  Hindu  Kush  into  one  range,  on  the  ground 
that  they  belong  to  the  **  Hindu  Kush  system  of  disturbance.''  This  is 
still  a  matter  for  proof.  We  have  no  knowledge  that  there  is  a  unity  in  the 
disturbance  of  the  rocks  composing  these  hills,  comparable  to  that  seen  in 
the  Himalayas,  and  until  such  knowledge  is  forthcoming  it  would  be  use- 
less to  adopt  a  system  of  nomenclature  so  opposed  to  that  ordinarily  cur- 
rent, and  so  certain  to  lead  to  needless  confusion.  As  regards  the  Salt- 
range  we  shall  shortly  see  that  it  ought  to  be  classed  by  itself,  and  the 
individuality  of  the  Safed  Koh  range,  as  depicted  on  our  maps,  is  so  marked 
that  it  is  difficult  to  believe  that  it  has  not  also  an  individuality  of  structure. 

In  one  sense  the  whole  of  the  ranges  west  of  the  Indus  may  be  classed 
together,  for  there  can  be  little  doubt  that  they  were  contemporaneously- 
elevated,  and  that  the  greater  part  of  this  upheaval,  if  not  the  whole, 
took  place  within  the  tertiary  era.  But,  structurally,  they  may  be  divided 
into  two  classes,  whose  strike  is  about  north  and  south  and  east  and  west, 
respectively,  and  these  two  alternate  with,  and  pass  into,  each  other  in 
a  manner  that  is  at  present  not  understood. 

The  most  northerly  range  is  the  Safed  Koh  which  runs  eastwards  from 
the  neighbourhood  of  Kibul,  forming  the  south  side  of  the  valley  of  the 
Kibul  river,  till  it  ends  in   British  territory.     Further  south  the  Sulai  ai:i 
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range  is  found  striking  north  and  south  along  the  western  frontier,  and  nt 
its  southern  limit  this  bends  round  into  the  east  and  west  running  hills  of 
the  Bugti  country,  a  strike  which  extends  to  near  Quetta.  The  hills  again 
take  a  southerly  bend,  and  the  Brahuik  and  Kirthar  ranges  run  north  and 
south.  Further  west  the  strike  again  changes,  and  in  western  Baluchistan 
the  ranges  run  east  and  west. 

At  their  eastern  extremity  the  Himalayas  are  met,  in  a  manner  that 
has  not  been  worked  out,  by  a  series  of  hills  which  at  first  strike  south- 
westwards,  afterwards  bending  round  to  a  more  southerly  direction  in 
the  Ndgi  hills,  where  the  principal  ridge  is  known  as  the  Patkoi,  They  run 
through  the  Manipur  country  southwards,  till  they  are  continuous  with  the 
range  of  hills,  known  as  the  Arakan  Yoma,  which  lies  between  the  Irawadi 
valley  and  the  Bay  of  Bengal. 

Besides  these  principal  systems  of  hill  ranges  there  are  two  minor  ones 
to  be  noticed  which,  despite  a  total  difference  of  the  rocks  they  are  com- 
posed of,  show  a  considerable  similarity  in  their  structure  and  geographical 
position,  subtending  as  they  do  the  angles  between  the  southern  margin 
of  the  Himalayas  and  the  hills  which  meet  them  at  either  extremity.  The 
first  of  these  is  the  Salt-range  in  the  Punjab,  the  second  that  set  of  hills, 
called  for  convenience  the  Assam  range,  inhabited  by  the  G«iro,  Khisi 
and  Jaintia  tribes.  ?n  both  cases  the  hills  are  composed  of  a  plateau 
with  a  steeply  scarped  face  to  the  south,  along  which  there  is  art  axis  of 
abrupt  folding,  accompanied  by  more  or  less  faulting.  This  similarity  of 
structure  and  position,  in  spite  of  great  difference  in  the  rocks  of  which 
they  are  composed,  would  seem  to  show  that  their  elevation  is  a  direct 
result  of  the  same  great  series  of  movements  of  the  earth's  crust  which 
resulted  in  the  elevation  of  the  hill  ranges  forming  the  extra-peninsular 
limits  of  the  Indo-Gangetic  alluvium,  but  they  cannot  be  regarded  as  belong, 
ing  to  any  of  the  mountain  systems  whose  re-entering  angles  they  subtend. 
To  the  east  of  the  Irawadi  valley  there  is  a  great  series  of  mountain 
chains,  stretching  southwards  through  the  Shan  states  till  it  terminates  in 
the  Malay  peninsula,  of  whose  geography  and  geology  even  less  is  known 
than  of  the  hills  beyond  the  western  frontier  of  India. 

The  drainage  system  of  the  extra-peninsular  hills  everywhere  shows  the 
peculiarity  that,  though  the  valleys  often  run  along  the  strike  of  the  hills  for 
long  distances,  the  streams  and  rivers  always  sooner  or  later  break  across 
the  axes  of  maximum  elevation.  This  peculiarity  is  very  noticeable  in  the 
case  of  the  Himalayas,  whose  river  system  must  be  deferred  to  a  future 
chapter,  but  is  in  some  respects  more  conspicuous  in  the  case  of  the  hills 
west  of  the  Indus. 

Here  the  ridges  are  mostly  formed  by  the  hard  limestone  cores  of  anti- 
clinal  folds  through   which  the  streams  flow  in  narrow  precipitous-sided 
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gorges,  locally  known  as  ^tangi.'  Tliey  form  a  very  characteristic  feature 
on  the  scenery  of  the  hill  country  west  of  the  Indus,  and  are  commonly 
attributed  to  some  disruptive  force,  which  opened  a  way  for  the  stream  to 
flow  through  the  mountain.  Such  is  not,  however,  the  true  explanation,  not 
only  can  it  be  disproved  in  many  cases  by  the  continuity  of  the  solid  rock 
across  the  stream  bed,  but  it  is  inadequate,  as  it  fails  to  account  for  the 
broad  open  valleys  invariably  found  above  the  gorges.  The  fact  is  that  they 
have  been  gradually  cut  down  by  the  streams  that  flow  through  them,  and 
the  same  absence  of  vegetation  which  increases  the  erosive  power  of  rain 
wash  on  soft  clays  enabling  broad  valleys  to  be  formed  where  they  are 
exposed,  diminishes  its  action  on  the  hard  limestones,  at  the  same  time  it 
reduces  chemical  action  to  a  minimum,  and  the  absence  of  moisture  almost 
entirely  deprives  the  night  frosts  of  their  power  to  disintegrate  the  rock. 
As  a  consequence,  the  steep  sides  of  the  ravines  cut  by  the  streams,  where 
they  meet  with  compact  rock,  remain  standing  almost  perpendicular,  while 
in  the  intervening  stretches  of  soft  clay  the  valley  widens  out. 

It  must  not  be  supposed  that  the  whole  country  was  elevated  to  the 
height  of  the  crests  of  the  ridges  through  which  these  "tangis'^  were  cut. 
It  will  be  shown  in  the  sequel  that  the  compression,  contortion  and  con- 
sequent elevation  of  the  hills  was  taking  place  at  the  same  time  that  the 
valleys  were  being  excavated,  but  sometimes  the  rate  of  elevation  was  too 
great  for  the  streams,  and  areas  of  closed  drainage  were  formed  in  which 
extensive  alluvial  and  aeolian  deposits  have  been  accumulated.  These  are 
particularly  common  in  Baluchistdn,  where  they  are  usually  occupied  by  a 
broad  expanse  of  wind-blown  loess. 

In  the  eastern  hills  the  same  features  are  to  be  seen,  but,  owing  to  the 
greater  rainfall  and  dense  vegetation,  as  well  as  to  the  different  type  of  rock 
forming  the  hills,  there  is  not  the  same  abrupt  alternation  of  broad  open  valley 
with  deep  and  narrow  gorges  as  on  the  west.  The  chemical  action  of  the 
humic  acids  developed  in  the  jungle-clad  soil  has  smoothed  off  the  steep- 
ness of  the  sides  of  the  gorges,  while  the  vegetation  has  protected  the  softer 
clays  from  being  so  easily  washed  away.  As  another  result  of  the  more 
rapid  erosion  of  the  stream  beds  there  are  no  areas  of  closed  drainage,  but 
there  are  broad  alluvial  valley  plains,  such  as  those  of  Manipur  and  the  Kubo 
valley,  where  differential  movements  of  elevation  of  the  beds  of  the  streams 
have  checked  their  velocity  and  compelled  them  to  deposit  their  solid  burden. 

The  river  system  of  the  Peninsula,  omitting  the  drainage  into  the 
Ganges  and  small  streams  flowing  to  the  west  coast,  is  nearly  all  taken 
by  stx  large  rivers,  of  which  two,  the  Narbadd  and  'iipti,  drain  the 
north-western  portion  and  escape  into  the  Gulf  of  Cambay,  while  the 
drainage  of  all  the  rest  of  the  Peninsula,  even  from  the  crests  of  the 
Western  Ghits  within  sight  of  the  sea,  flows  eastwards  by  four  great  deltaic 
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rivers,  the  Mahdnadf,  Godivari,  Kistna,  and  Cauvery, — the  only  c^her 
streams  of  any  importance  being  the  northern  and  southern  Penner. 

This  easterly  trend  of  the  drainage  is  probably  of  very  ancient  date,  9fi 
there  are  patches  of  littoral  marine  deposits  along  the  east  coast,  ranging 
as  far  back  as  the  close  of  the  Jurassic  period,  which  show  that,  since  that 
period  at  least,  the  eastern  coast  of  the  Peninsula  has  maintained  very  much 
its  present  position.  On  the  west  coast  no  marine  sediments  older 
than  the  upper  tertiary  are  known,  if  we  except  the  cretaceous  beds  of  the 
lower  Narbadi  valley.  At  the  close  of  the  Deccan  trap  period,  that  is  the 
commencement  of  the  tertiary  era,  dry  land  must  have  extended  consider- 
ably west  of  the  coast  line ;  south  of  the  trap  area  the  evidence  is  only 
negative,  but  the  absence  of  any  large  valleys  draining  in  this  direction 
suggests  that  the  present  position  of  the  shore  line  is  of  more  recent  origin 
than  that  of  the  east  coast,  and  that  the  earth  movements  which  gave  rise  to 
it  were  either  too  slow,  or  more  probably  not  of  a  nature,  to  change  the 
easterly  course  of  the  drainage. 

There  can  be  no  doubt  that,  beyond  the  limits  of  the  Peninsula,  there  have 
been  very  great  changes  in  the  distribution  of  land  and  sea  since  the  com* 
mencement  of  the  tertiary  era  and,  even  in  the  latest  part  of  it,  the  great 
disturbances  which  the  rocks  have  undergone  must  have  been  accompanied 
by  great  changes  of  shore  line.  But  when  we  come  to  the  post-tertiary  period 
and  enquire  whether,  on  the  whole,  there  has  been  elevation  or  subsidence, 
the  evidence  is  contradictory.  In  the  alluvium  of  the  Gangetic  delta,  and 
near  Pondicherri,  beds  of  peat,  at  various  levels  below  the  surface  of  the 
ground,  show  that  there  has  been  subsidence,  but  this  is  the  usual,  if  not  in* 
variable,  condition  in  a  delta,  and  it  is  more  than  probable  that  all  the  large 
deltas  along  the  coast  are  being  gradually  depressed. 

Along  the  non -deltaic  portions  of  the  coast  evidences  of  sub  recent  eleva- 
tion are  found  in  coral  i*eefs  and  marine  deposits  raised  above  the  present 
level  of  the  sea.  The  low  level  laterite  of  the  east  coast  lies  on  a  gentle 
slope  of  the  older  rocks,  unaffected  by  subaerial  erosion,  such  as  is  formed 
by  the  sea,  and  must  have  been  deposited  either  before  or  shortly  after  this 
was  raised  above  sea-level. 

The  escarpment  of  theSahyidri  range—a  remarkable  feature  of  the  hills 
parallel  to  the  western  coast  of  the  Peninsula — has  frequently  been  noticed 
as  furnishing  evidence  of  a  rise  of  land.  Throughout  the  trap  country  of  the 
Bombay  presidency,  the  Western  Ghits  rise  from  the  Konkan  in  an  almost 
unbroken  wall,  varying  in  height  from  2,000  to  4,000  feet,  cut  back  in  places 
by  streams,  projecting  here  and  there  into  long  promontories,  but  preserv- 
ing throughout  a  singular  resemblance  to  sea  cliffs.  This  resemblance, 
however,  ceases  to  a  great  extent  to  the  southward,  where  the  metamorphic 
rocks  replace  the  horizontal  basaltic  traps.  The  escarpments  of  the  Milwi 
plateau,  north  of  the    NarbadA,    and    of    the    Deccan    plateau,    south    of 
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'  Khandesh,  although  far  inferior  in  elevation  to  the  scarp  of  the  Sahyadri, 
resemble  the  latter  too  closely  in  appearance  to  justify  the  assumption, 
without  further  evidence,  that  the  cliffs  of  the  Western  Ghdtsare  of  marine 
origin.  The  parallelism  of  the  Sahy^dri  escarpment  to  the  sea-coast  is 
suggestive  of  a  connection  between  the  two,  and  this  connection  is  strength- 
ened by  the  facts  that  a  thickness  of  at  least  4,000  feet  of  bedded  trap  has 
been  removed  from  the  surface  of  the  Bombay  Konkan,  and  that  the  plane 
of  marine  denudation,  already  mentioned  as  supporting  the  low  level  laterite^ 
extends  in  places  nearly  to  the  foot  of  the  scarp.  The  circumstance  that 
the  hills  of  the  Sahyidri  are  inhabited  by  certain  fresh-water  mollusca 
belonging  to  the  genus  Cremnoconchus,  which  is  unknown  elsewhere 
and  is  so  closely  allied  to  Indian  forms  of  the  littoral  marine  genus 
Littorina  as  to  render  it  probable  that  both  are  descended  from  the  same 
ancestors,  also  tends  to  strengthen  the  view  that  the  Sahy^dri  mountains 
were  formerly  washed  by  the  sea.  But  it  is  certain  that  great  denudation 
has  taken  place  since  the  scarp  was  a  sea  cliff,  and  it  is  far  from  improb- 
able that,  if  the  sea  ever  extended  to  the  base  of  the  Western  Ghits,  the 
epoch  belonged  rather  to  tertiary  than  post- tertiary  times.  It  is  also 
possible  that  the  iiiiolation  of  the  different  hill  ranges  of  Southern  India, 
and  the  denudation  of  the  Pilgh^t  Gap,  south  of  the  Nilgiri  plateau,  are 
due  in  part  to  ancient  marine  action  of  the  same  date  as  the  formation^of 
the  Sahyadri  escarpment.  In  this  case,  as  in  so  many  others  connected 
with  Indian  geology,  all  that  is  now  possible  is  to  suyfgest  probable  inter- 
pretations of  phenomena,  and  to  leave  them  for  future  exploration  to 
confirm  or  contradict. 

On  the  other  hand,  a  sudden  deepening  of  the  sea,  at  a  distance  of 
10  to  20  miles  from  the  shore,  along  the  Mekrdn  coast,  has  been  sup- 
posed to  represent  a  submerged  cliff.  More  positive  evidence  of  recent 
subsidence  is  to  be  found  in  the  occurrence  of  a  number  of  trees 
imbedded  of  mud,  in  the  spot  where  they  grew,  at  a  depth  of  12  feet 
below  low-water  mark  on  the  east  side  of  the  island  of  Bombay,^  and  in 
the  submerged  forest  at  the  western  end  of  the  Valimukam  bay  on  the 
Tinnevelli  coast  described  by  Mr.  Foote.* 

Local  alterations  of  level,  accompanied  by  earthquakes,  are  known  to 
have  occurred  on  at  least  one  occasion,  namely  the  great  earthquake  of 
Cutch  in  1819,  when  a  considerable  area  in  the  Rann  of  Cutch  wassuddenly 
submerged.'  A  more  doubtful  instance  :s  the  elevation  and  subsidence 
which  is  said  to  have  taken  place  on  the  Arakan  coast  in  the  middle 
of  the  last  century,  presumably  during  the  great  earthquake  of  1762.  A 
raised  beach  which  is  9  feet  above  sea-Ievel  at  Foul  island   and  22  on  the 

>  ^«'fjr<f5,  XI,  302,  (1878).  I     90,  (i823);Lyell,  '*  PiinCiples  of  Geology:* 

*  i/^iwotVs,  XX,  82,  (1883).  I     See  also  A.   B.   Wynne,     AfemoirSf    IX,^  2C, 

»  McMurdo,   Trans.  Lit,  Soe.y  Bombay,  III,  I      (.872). 


12  GF.OI.OGY   OF    INUU— PHYSICAL   GEOGRAPEiy.  [Ohftp,   I, 

north-west  of  Cheduba  island,  has  been  attributed  to  the  effects  of  this 
earthquake  which  further  north  is  said  to  have  caused  tlie  permanent  sub- 
mergence of  60  square  miles  neat  Chittagong.^ 

Away  from  the  sea  coast,  the  Andaman  and  Nicobar  islands  have 
certainly  at  one  time  been  connected  with  Arakan,  and  the  intricate  chan- 
nels and  long  ramifying  fjords  which  penetrate  the  great  Andaman  and 
adjoining  islands  indicate  a  considerable  submergence.  Along  the  coast 
there  are,  however,  indications  of  minor  oscillations  of  level,  both  upwards 
and  downwards,  within  the  recent  period,  the  last  movement  being  probably 
one  of  subsidence.'  OR  the  west  coast  of  India  the  coral  archipelagoes  of 
the  Laccadive  and  Maldive  islands  probably  mark  the  site  of  submerged 
land,  though  this  is  a  matter  still  under  dispute. 

Besides  the  changes  produced  by  rise  and  fall  of  the  sea-level  as 
compared  with  that  of  the  land,  tliere  have  been  minor  modilications  of 


Fig.  I.— Pagoda  on  th«  sea-shore  at  Tranquebar. 
the  shore  line  due  to  erosion  and  accretion  of  land.  St.  Thomf,  a  short 
distance  south  of  Madras,  is  said  to  have  formerly  been  situated  13 
leagues  inland  and,  40  miles  further  south,  the  town  of  Mahibalipur  is 
said  to  have  been  overwhelmed  by  the  sea.'  Still  further  south,  erosion 
of  the  sea  beach  at  Tranquebar  is  well  attested  by  old  records  as  well  as  the 
destruction  of  a  large  portion  of  an  old  pagoda,  whose  eastern  gate  tower 
had  been  partially  destroyed  in  1859*  and  has  probably  now  been  com- 
pletely removed. 


>  Phil  7'ra«j.,Vni,  351,  {1763)10.  P.  Hal. 
stead,  your.  Ai.  Soc,  Bt«gal,  X,  433.  ('841)  ; 
F.  R.  Mallet,  Record!,  XI,  190,  (1S78). 

»  S.  Knr«,  "  Report  on  the  Vegetation  of  the 
Andaman    Islands,"    Calcutta,    1870;   R.   D. 


Oldham,  Rteoidi,  XVIII,  14:1.  (1885). 

•  T.  J.  Newbold,  Jout.  Roy.  At.  Sec,  Vlll, 
aso,  {1846). 

•  W.  King,  Hftaioirt,  IV,  36a,  (1864). 
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Evidence  of  the  advance  of  land  is  to  be  found  on  the  Tinnevelli  coast, 
where  the  deseited  town  of  Korkai,  now  five  miles  inland,  has  been  iden- 
tified with  the  '*  Kolkoi  Emporium"  of  the  classical  geographers.  About 
600  B.C.  this  town  was  the  capital  of  a  kingdom  and  apparently  an 
important  sea-port.  By  the  time  that  Marco  Polo  visited  this  coast  in 
1292  A.D.,  the  advance  of  the  land  had  necessitated  the  abandonment  of 
the  old  port  and  the  establishment  of  a  new  one  at  "  Cail/'  a  town  which 
also  has  decayed  and  was  forgotten  till   its  site   was  discovered  and   re- 


Pig.  2.— Fart  of  Tinevelly  coast  shewing  present  position  of  old  seaports. 

cognised  by  Bishop  Caldwell  in  the  modern  village   of  Kayal,  and  made 
public  in  Colonel  Yule's  edition  of  the  travels  of  Marco  Polo.^ 

A  similar  advance  of  the  shore  line  is  said  to  have  taken  place  on  the 
east  coast  of  the  Gulf  of  Cambay,  and  it  is  said  that  the  Rann  of  Cutch 
was  once  a  gulf  of  the  sea  with  sea-ports  on  its  shores,  and  that  remains  of 
ships  have  been  found  imbedded  in  the  mud'.  The  Rann  is  now  a  sort  of 
debateable  land,  being  flooded  during  the  south-west  monsoon  and  a  dry 
barren  mud  flat  during  the  rest  of  the  year ;  the  change,  which  has 
indubitably  taken  place,  if  not  so  recently  as  has  been  supposed,  was 
doubtless  due  to  silting  up,  partly  aided  by  a  slight  elevation  of  the  land. 

The  evidences  of  alterations  of  level  along  the  sea  coast,  which  have 
been  detailed  above,  point  to  a  slight  elevation  of  the  land  during  the 
post-tertiary  period,  though  too  small  to  have  any  appreciable  influence 
on  the  climate. 


'  1st  edition.  Vol.  II,  p.  307,  (1871). 

*  Trans.  Geog,Soc.,  Bombay^  XVIII,  pp.  Ivi, 


Ixix,  IxxxT,  (1868);  A.  B.   Wynne,  Mfmoirs, 
IX,  26,  (1872). 
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This  is  important  in  its  bearing  on  the  evidence  that  there  is  of  the 
cold  of  the  glacial  period  having  been  felt  in  the  peninsula  of  India 
There  is  no  physical  evidence,  so  far  as  is  known,  of  a  geologically  recent 
cold  epoch,  and  some  geologists  have  doubted  whether  India  was  affected 
by  the  glacial  period.  In  the  Himalayas  there  is  everywhere  abundant 
evidence  of  the  glaciers  having  extended  to  lower  levels  than  they 
reach.  Grooved  and  polished  rock  surfaces  have  been  found  .now  at  as 
low  a  level  as  7,500  feet  in  Pingi,^  and  in  a  higher  latitude  large  boulders 
are  found  imbedded  in  the  fine  silt  of  the  Potwar  at  an  elevation  of 
less  than  2,000  feet  above  the  sea.'  Besides  these  there  are  many  cases  of 
large  erratic  blocks  and  supposed  morraines  which  have  been  referred  by 
some  observers  to  glaciers  and  by  others  to  river  action.  The  positive 
and  unmistakeable  proofs  of  a  period  colder  than  the  present  are  suffi- 
cient to  enable  us  to  discard  all  the  more  doubtful  evidence,  and  more 
recent  investigations  have  shown  that  it  cannot  be  attributed,  as  was  once 
suggested,'  to  a  former  greater  elevation  of  the  Himalayas  than  they  now 
attain. 

These  indications  do  not  point  to  a  sufficient  diminution  of  tempera- 
ture of  the  Himalayas  to  make  it  probable,  or  even  possible,  that  there 
should  be  any  actual  physical  proofs  of  the  glacial  period  having  been  felt 
in  the  Peninsula,  and  it  is  of  importance  to  ascertain  whether  there  is  any 
collateral  evidence  of  a  cold  period  having  affected  India  in  later  tertiary 
or  post-tertiary  times,  it  being  remembered  that  a  general  refrigeration 
of  the  earth's  surface,  sufficient  to  produce  an  arctic  climate  in  Europe, 
would  not  diminish  the  temperature  of  the  Indian  Peninsula  beyond  the 
average  of  the  temperate  zone  at  the  present  day. 

The  argument  is,  briefly,  as  follows.  On  several  isolated  hill  ranges, 
such  as  the  Nflgiri,  Anamalai,  Shevaroys  and  other  isolated  plateaux  in 
Southern  India,  and  on  the  mountains  of  Ceylon,  there  is  found  a  tem- 
perate fauna  and  flora,  which  does  not  exist  in  the  low  plains  of  South* 
ern  India,  but  is  closely  allied  to  the  temperate  fauna  and  flora  of  the 
Himalayas,  the  Assam  range  (Giro,  Khisi,  and  Nigi  hills),  the  mountains 
of  the  Malay  peninsula,  and  of  Java.  Even  on  isolated  peaks,  such  as 
Parasnith  (4,500  feet  high  in  Behar)  and  on  Mount  Abii  in  the  Aravalli 
range,  several  Himalayan  plants  exist.  It  wouU  take  up  too  much  space 
to  enter  into  details ;  the  occurrence  of  a  Himilayan  plant  like  Rhodo- 
dendron arboreum^  and  of  a  Himalayan  mammal  like  Martes  flavigula 
on  both  the  NJIgiris  and  Ceylon  mountains,  will  serve  as  an  example  of  a 
considerable  number  of  less  easily  recognised  species.  In  some  cases  there 
is  a  closer  resemblance  between  the  teiiperate  forms  found  on  the  peninsular 


>  C.  A.  McMahon,  Records,  XIV,  310,(1881). 
«  W.  Theobald,  Records,  X,  140,  (1877). 


'  H.  B.  Medlicott,  Memoirs,  III,  pt  ii,  p.  155, 
(1864). 
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hills  and  Ihose  on  the  Assam  range^  than  between  the  former  and  Himi* 
layan  species,  but  there  are  also  connections  between  the  Himilayan  and 
peninsular  temperate  regions  which  do  not  extend  to  the  eastern  hills. 
The  most  remarkable  of  these  is  the  occurrence  on  the  Nflgiri  and  Anamalai 
ranges  and  on  some  hills  further  south,  of  a  species  of  wild  goat  {Capra 
hylocrius)^  belonging  to  a  sub-genus  [Hefnitragus)^  of  which  the  only  other 
known  species,  C  jemlaica,  inhabits  the  temperate  region  of  the  Himi- 
layas  from  Kashmir  to  Bhutcin.  This  case  is  remarkable,  because  the 
only  other  wild  goat  found  completely  outside  the  Falaearctic  region  is 
another  isolated  form  ou  the  mountains  of  Abyssinia. 

The  r^nge  in  elevation  l>f  the  temperate  fauna  and  flora  of  the 
oriental  region  in  general  appears  to  depend  more  on  humidity  than 
temperature,  many  forms  which  are  peculiar  to  the  higher  ranges 
in  the  Indian  hills  being  found  represented  by  allied  S|>ecies  at  lower 
elevations  in  the  damp  Malay  peninsula  and  archipelago,  and  some  of 
the  hill  forms  are  even  found  in  the  damp  forests  of  tl)e  Malabar  coast. 
The  animals  inhabiting  the  Peninsular  and  Singalese  hills  belong,  for  the 
most  part,  to  species  distinct  from  those  found  in  the  Himalaya  and 
Assam  ranges.  In  some  cases  even  genera  are  peculiar  to  the  hills  of 
Ceylon  and  Southern  India,  and  one  family  of  snakes  is  unrepresented 
elsewhere.  There  are,  however,  numerous  plants  and  a  few  animals  in- 
habiting the  hills  of  Southern  India  and  Ceylon,  which  are  identical  with 
Himalayan  and  Assamese  hill  forms,  but  which  are  unknown  throughout 
the  plains  of  India. 

That  a  great  portion  of  the  temperate  fauna  and  flora  of  the  Southern 
Indian  bills  has  inhabited  the  country  from  a  much  more  distant  epoch 
than  the  glacial  period  may  be  considered  as  almost  certain,  there  being 
so  many  peculiar  forms.  It  is  possible  that  the  species  common  to  Ceylon^ 
the  Nflgiris,  and  the  Himalayas,  may  have  migrated  at  a  time  when  the 
country  was  damper  without  the  temperature  being  lower,  but  it  is 
difficult  to  understand  how  the  plains  of  India  can  have  enjoyed  a 
damper  climate  without  either  depression,  which  would  have  caused 
a  large  portion  of  the  country  to  be  covered  by  sea,  a  diminished  temper- 
ature which  would  check  evaporation,  or  a  change  in  the  prevailing  winds. 
The  depression  may  have  taken  place,  but  the  migration  of  animals  and 
plants  from  the  Himalayas  to  Ceylon  would  have  been  prevented,  rather 
than  aided,  if  the  southern  area  had  been  isolated  by  sea,  so  that  it  may 
be  safely  inferred  that  the  period  of  migration  and  the  period  of  depression 


>  Only  one  species  of  plant,  boweTer,  is  men- 
tioned by  Hooker  and  Thomson  (''Introductory 
Essay  to  the  Flora  Indica',  p.  238)  as  being  found 
both  in  the  Khisi  hills  and  Nflgiris,  but  not  in 
the  Himalayas.    One  land-shell  at  least,  Bull- 


mut  nilagtrieuSj  has  the  same  distribution, 
and  the  genus  Streptaxis  is  found  in  Burma, 
the  Khisi  hills.and  the  Southern  Indian  ranges, 
but  not  in  the  Himalaya  west  of  Bhutan, 
Several  other  instances  might  be  quoted. 
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were  not  contemporaneous.  A  change  in  the  prevailing  winds  is  improb- 
able so  long  as  the  present  distribution  of  land  and  water  exists,  and 
the  only  remaining  theory,  to  account  for  the  existence  of  the  same 
species  of  animals  and  plants  on  the  Himalayas  and  the  hills  of  southern 
India,  is  depression  of  temperature.^ 


The  Indian  empire  can  boast  of  one  volcano,  which  is  at  present 
dormant,  but  has  been  in  active  eruption  within  the  century.  Barren  island 
in  the  Bay  of  Bengal  is  not  only  a  perfect  model  of  a  volcano,  but  is 
classical  in  the  history  of  geological  controversy.  It  has  been  repeat- 
edly referred  to  and  described  by  geological  writers,  but  the  earlier  refer- 
ences were  all  more  or  less  inaccurate,  and  it  is  only  within  the  last  few 
years  that  a  careful  description  of  it  has  been  given  by  Mr.  F.  R.  Mallet.' 

The  volcano  of  Barren  island  has  an  irregularly  circular  form  of  about 
2  miles  in  diameter,  composed  of  an  outer  rim,  rising  to  a  height  of 
from  700  to  1,000  feet  above  the  sea  and  surrounding  a  slightly  ellipti- 
cal amphitheatre,  whose  larger  axis  runs  north-east  and  south-west  with 
a  length  of  about  9  furlongs.  From  the  centre  of  this  a  cone  of  re- 
markably regular  form  rises  to  a  height  of  1,015  ^^^^  above  the  sea.  The 
depression,  where  the  slope  of  this  cone  and  the  inner  slope  of  the 
amphitheatre  meet,  has  a  maximum  elevation  of  300  feet  above  the  sea, 
and  is  almost  entirely  occupied  by  three  distinct  lava  streams.  It  is 
evident  that  the  island  was  once  much  higher  than  it  is  at  present,  and  the 
outer  rim  marks  the  limit  of  the  crater,  produced  by  some  great  paroxys- 
mal eruption  which  blew  away  all  the  upper  portion  of  the  old  cone. 
The  bottom  of  this  old  crater  must  have  been  much  below  the  level 
of  the  sea  and,  for  a  time,  before  the  new  cone  attained  its  present 
dimensions,  the  sea  must,  as  is  represented  in  the  older  descriptions  of 
the  island,  have  flowed  round  its  base,  between  it  and  the  foot  of  the  inter- 
nal slope  of  the  amphitheatre,  but  there  is  no  authentic  record  of  any  one 
ever  having  seen  this  stage.  In  1789,  when  Blair  saw  the  island,  the  sea 
did  not  penetrate  into  the  amphitheatre,  which  had  all  been  filled  up  to 
above  sea-level.  The  volcano  was  then  in  active  eruption,  throwing  out 
blocks  and  scoriae,  and  it  may  be  that  it  had  been  visited  at  some  earlier 


'  The  above  is  a  meagre  and  condensed 
account  of  a  very  interesting  subject,  which 
requires  further  enquiry.  One  possible  objec- 
tion may  be  answered  at  once.  It  is  true  that 
many  of  the  temperate  damp-loving  forms  of 
the  Nflgiris  and  Ceylon  hills  are  forest  forros, 
and  it  may  be  urged  that  they  might  have 
migrated  when  the  plains  of  India  were  covered 
with  forest.  But,  judging  from  what  remains 
of  the  forest  on  the  plains  of  the   Carnatic, 


Deccan,  Central  Provinces,  etc..  the  flora,  even 
when  the  whole  was  forest,  differed  so  widely 
from  that  of  the  hills,  that  it  is  improbable  that 
any  general  diffusion  of  hill  species  could  have 
taken  place  without  a  change  of  climate. 

In  a  subsequent  chapter  reference  will  be 
made  to  the  probable  influence  of  the  glacial 
epoch  on  the  Siwilik  mammalian  fauna. 

•  Memoirs,  XXI,  251,  if,  (i88s). 
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period,  before  the  hollow  was  completely  filled  up,  and  that  the  only  record 
left  of  this  visit  is  to  be  found  in  the  erroneous  description  which  was  at 
one  time  current  in  text-books. 

It  must  be  remembered  that  the  portion  of  the  volcano  above  sea-level, 
which  is  all  that  has  been  referred  to  in  the  description,  is  but  an  insigni- 
ficant portion  of  its  whole  bulk.  Soundings  taken  by  Captain  Carpenter, 
show  that  the  cone  rises  from  a  depth  of  800  fathoms  below  the  sea,  aud 
that  the  total  height  is  consequently  some  6,000  feet  at  present,  or  was 
8,000  feet  before  the  upper  part  of  the  outer  cone  was  blown  away.^ 

At  the  time  of  Blair's  visit  there  appears  to  have  been  no  lava  stream 
in  the  gap  where  the  outer  rim  is  breached,  but  in  1832  the  lava  was 
there,  and  still  so  hot  that  the  water  in  contact  with  it  was  boiling.  Since 
that  period  the  flow  has  cooled  down  and  the  temperature  of  the  wateri 
which  percolates  beneath  the  lava  and  issues  as  a  spring  on  the  sea  shore, 
has  steadily  diminished  at  each  visit,  till  it  was  no  more  than  iio^  F.  in 
i8S6.'  It  seems  certain,  therefore,  that  this  lava  flow  was  poured  out  later 
than  1789,  and  probably  within  the  present  century. 

Seventy-five  miles  north- north-east  of  Barren  island  lies  the  island  of 
Narcondam,  indubitaKly  of  volcanic  origin  like  the  former,  but  composed 
almost,  if  not  quite,  entirely  of  hornblende  andesite  lava  with  little  or  no 
volcanic  ash.  It  is  not  certain  whether  this  volcano  ever  had  a  crater, 
as  it  may  have  been  of  the  so-called  endogenous  type,  formed  by  the 
quiet  extrusion  of  lavas  unaccompanied  by  any  crater-forming  materials. 
The  complete  obliteration  of  the  crater,  if  there  ever  was  one,  is  in  itself  an 
indication  of  the  period  for  which  the  volcano  has  been  extinct,  and  in  any 
case  the  deep  ravines,  with  which  its  sides  are  scored,  are  an  equally 
eloquent  testimony  of  the  time  during  which  subaerial  denudation  has  been 
uninterruptedly  at  work,  so  that  this  volcano  has  probably  been  longer 
extinct  than  either  of  the  two  that  follow. 

About  50  miles  north-north-west  of  Yenangyoung  and  25  to  30  miles 
east-south-east  of  Pagin,  both  large  towns  on  the  Irawadi,  the  extinct 
volcano  of  Puppa^  rises  to  a  height  of  about  3,000  feet  above  the  undulating 
country  composed  of  pliocene  sands  and  gravels.  The  mountain  has 
preserved  its  original  form  to  some  extent,  but  the  crater  has  been  greatly 
broken  down  by  denudation,  and  the  rim  completely  cut  away  at  one 
point,  where  the  drainage  from  the  interior  has  made  itself  a  means  of 
exit.  The  peak  consists  of  ash  breccia,  but  lava  flows,  mostly  trachytic, 
form  the  lower  slopes  and  the  surfaces  around  the  base  of  the  volcano. 
Among  these  flows  are  some  of  a  very  beautiful  porphyry,  with  crystals  of 
pyroxene. 

The  horizontal  beds  of  gravels  and  sands  around  the  base  of  the  volcano 

'  Records^  XX,  46,  (1887).  *  W.  T.  Blanford,    Jour.  As.   Soc^  Bengal^ 

»  Records,  XX,  48,  (1S87).  XXXI,  215,  (i86a). 
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contain  fossil  wood  and  ferruginous  concretions,  and  apparently  belong  to 
the  pliocene  fossil  wood  group.  They  are  capped  by  the  lava  flows, 
contain  pumice  and  volcanic  fragments,  and,  in  one  place,  a  bed  of  ash 
breccia  was  found  interstratified  with  them.  It  appears  highly  probable, 
therefore,  that  the  volcano  was  active  in  pliocene  times,  but  it  may  have 
continued  to  emit  lava  and  scoriae  at  a  later  period. 

Far  to  the  north  the  extinct  volcano  of  Hawshuenshan  near  Momien  in 
Yunnan  has  been  described  by  Dr.  Anderson*;  and  near  Kanni,  on  the 
ChindwiU;  Dr.  Noetling  observed  basalt  breaking  through  the  pliocene 
sandstones  and  forming  a  cone  on  their  surface,  but  no  detailed  notice  of 
this  locality  has  been  published. 

In  this  connection  mention  may  be  made  of  a  mass  of  trachyte  which 
is  found  about  four  miles  east  by  north  of  the  village  of  Byangyi  on  the 
Bassein  river  and  some  30  miles  south  of  Bassein  town.  It  is  about  six 
feet  in  diameter,  there  is  no  reason  to  suppose  that  it  has  been  trans- 
ported from  a  distance  and  no  similar  rock  is  known  anywhere  else  in 
the  province.  No  rock  is  seen  in  contact  with  the  trachyte,  but  unaltered 
shales  and  sandstones  of  upper  nummulitic  age  are  seen  not  far  off,  dipping 
at  low  angles.  Close  to  the  block  itself  are  some  fragments  that  have 
flaked  off,  and  among  them  a  piece  of  shale,  which  had  a  somewhat  baked 
appearance  on  one  side,  was  found.  This,  taken  in  conjunction  with  the 
fact  that  it  lies  on  the  same  general  line  as  the  volcanoes  just  described^ 
suggested  the  idea  that  it  forms  part  of  an  intrusive  neck,*  but  the  true 
relations  of  the  mass  are  obscure. 

It  will  be  noticed  that  these  old  volcanoes  lie  along  a  line  which,  if  con- 
tinued to  the  south,  would  be  continuous  with  the  general  direction  of  the 
great  chain  of  volcanoes  running  through  the  islands  of  Java  and  Sumatra 
in  the  Malay  peninsula,  and  this  suggests  that  they  form  the  northern  termi- 
nation of  what  is  known  as  the  Sunda  chain  of  volcanoes/  The  observation 
is  interesting  and  important  in  view  of  the  fact  that  this  chain  has  been 
supposed  to  find  its  final  expression  in  the  pseudo-volcanic  phenomena  on 
the  Arakan  coast  which  are  described  below. 

But  before  passing  on  to  this  subject  it  will  be  well  to  notice  some 
doubtful  cases  of  volcanic  action  in  the  Indian  Peninsula  and  on  its  shores. 
In  1756  a  submarine  eruption  is  said  to  have  taken  place  off  the  coast  of 
Pondicherri,  which  threw  up  large  quantities  of  ashes  and  pumice  and 
formed  an  island  half  a  league  long  and  of  the  same  breadth.  No  exact 
details  of  locality  are  given,  but  the  account  is  a  very  circumstantial  one' 
and,  unless  a  pure  fiction,  must  refer  to  a  true  volcanic  eruption.     It  may 


*  Report  on   the  expedition  to  Western 
Yunnan,  Calcutta,  1871,  p.  87. 


«  Memoirs,  X,  330,  (1873). 
>  "Asiatic  Annual  Register,"    1758,   reprinted 
in  Juuf.  As.  Soc,  Bengal,  XVI,  500,  (i&|7>. 
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be  noticed  that  the  Admiralty  chart  of  the  Bay  of  Bengal  marks  a  sound- 
ing of  5  fathoms  in  east  longitnde  80°  43',  north  latitude  12°  46',  with  the 
remark  *  Doubtful ' ;  the  position  would  agree  sufficiently  well  with  that 
indicated  in  the  account,  and  the  depth  is  that  which  would  be  produced 
by  the  action  of  the  waves. 

This  also  is  the  best  place  to  notice  a  very  curious  crateriform 
lake,  situated  in  the  interior  of  the  Indian  Peninsula,  near  the  village 
of  Lonir,  about  40  miles  east  by  north  of  J41na  in  the  northern  part  of 
the  Nizim's  territory,  and  about  half-way  between  Bombay  and  Nigpur. 
The  surrounding  country  for  hundreds  of  miles  consists  entirely  of  Dec- 
can  trap  and  in  this  rock  there  is  a  nearly  circular  hollow,  about  300  to 
400  feet  deep  and  rather  more  than  a  mile  in  diameter,  containing  at 
the  bottom  a  shallow  lake  of  salt  water  without  any  outlet,  whose  water 
deposits  crystals  of  sesquicarbonate  of  soda.  The  sides  of  the  hollow 
to  the  north  and  north-east  are  absolutely  level  with  the  surrounding 
country,  whilst  in  all  other  directions  there  is  a  raised  rim,  never  exceed- 
ing 100  feet  in  height  and  frequently  only  40  or  50,  composed  of  blocks 
of  basalt,  irregularly  piled,  and  precisely  similar  to  the  rock  exposed 
on  the  sides  of  the  hollow.  The  dip  of  the  surrounding  traps  is  away 
from  the  hollow,  but  very  low.* 

It  is  difficult  to  ascribe  this  hollow  to  any  other  cause  than  volcanic 
explosion,  as  no  such  excavation  could  be  produced  by  any  known  form 
of  aqueous  denudation,  and  the  raised  rim  of  loose  blocks  around  the 
edge  appears  to  preclude  the  idea  of  a  simple  depression.  It  is  true  that 
there  is  no  sign  of  any  eruption  having  accompanied  the  formation  of  the 
crater,  no  dyke  can  be  traced  in  the  surrounding  rocks,  no  lava  or  scoriae 
of  later  age  than  the  Deccan  trap  period  can  be  found  in  the  neigh- 
bourhood. The  rajsed  rim  is  very  small,  and  cannot  contain  a  thousandth 
.part  of  the  rock  ejected  from  the  crater,  but  it  is  impossible  to  say  how 
much  was  reduced  to  fine  powder  and  scattered  to  a  distance,  or  removed 
by  denudation. 

Assuming  that  this  extraordinary  hollow  is  due  to  volcanic  explosions, 
the  date  of  its  origin  still  remains  to  be  determined.  That  this  is  long 
posterior  to  the  epoch  of  the  Deccan  traps  is  manifest,  for  the  hollow 
appears  to  have  been  made  in  the  present  surface  of  the  country,  carved 
out  by  ages  of  denudation  from  the  old  lava  flows.  To  all  appearance 
the  Lonar  lake  crater  is  of  comparatively  recent  origin,  and  if  so  it 
suggests  that,  in  one  isolated  spot  in  India,  a  singularly  violent  explo- 
sive action    must   have  taken  place,  unaccompanied   by  the  eruption    of 


-  Malcolmson,  Geol.  Trans.f  2nd  series,  V,  562, 
(!84o);  Newbold,  Jour,^  Roy.  As,  Soc,  IX,  40, 
(1848)  (with  this  paper  there  is  a  fairly  executed 


view  of  the  lake); — G.  Smith,  Afad,  Jour,  Lit, 
Sei.,  XVII,  I,  (1856).  See  also  Records,  I, 
63,  (1868),  where  other  references  are  giyen. 
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melted  rock.     Nothing  similar  is  known  to  occur  elsewhere  in  the  Indian 
Peninsula. 

Associated  with  true  volcanoes  in  name  at  least,  even  if,  as  is  held  by 
many  geologists,  in  nothing  else  than  name,  are  mud  volcanoes,  of  which 
two  principal  groups  are  known,  in  Burma  on  the  east,  and  Baluchistin  on 
the  west,  of  India,  respectively. 

Of  the  Burman  ones  the  best  known  are  those  of  Minbu  on  the  Irawadi, 
and  those  of  the  islands  of  Ramrf  and  Cheduba  on  the  Arakan  coast.*  A  few 
others  are  reported,  but  they  are  small  and  isolated,  and  consist  only  of 
temporary  outbursts. 

The  Ramri  mud  volcanoes  are  more  interesting  than  the  others,  since 
they  alone,  so  far  as  is  known,  are  subject  to  paroxysmal  eruptions  of  great 
violence,  and  from  them  alone  stones  have  been  ejected  and  flames  emitted. 
Some  of  the  principal  phenomena  may  be  briefly  described  here.  There 
are  about  a  dozen  or  rather  more  vents  in  Ramrf  island  itself,  more  than  half 
that  number  in  Cheduba,  and  a  few  in  the  other  neighbouring  islands.  Near 
Kyauk-pyu  in  Rami  f,  six  occur  in  a  line,  within  a  distance  of  about  a  mile 
and  a  half  along  the  summit  of  a  low  broad  ridge. 

Many  of  the  vents  consist  of  truncated  cones,  built  up  of  the  dried  mud 
ejected  by  outbursts  of  gas.  The  crater,  filled  with  more  or  less  liquid  or 
viscid  mud  through  which  the  gas  escapes,  occupies  the  top  of  the  conical 
hillock.  The  majority,  however,  of  the  Ramrf  mud  volcanoes  consist 
of  mounds,  composed  on  the  surface  of  angular  fragments  of  rock  and 
having  scattered  over  them  a  few  small  mud  cones  with  craters  at  the  top, 
varying  in  height  from  a  few  inches  to  eight  or  ten  feet.  When  gas  ceases 
to  be  omitted  from  a  vent,  the  mud  is  rapidly  washed  away  by  rain  and 
there  remains  a  low  mound,  composed  of  angular  fragments  of  rock  which 
were  ejected  together  with  the  mud,  and  the  repetition  of  a  similar  process 
accounts  for  the  formation  of  the  mounds.  The  mounds  in  Ramrf  are  from 
50  to  100  yards  in  diameter,  with  a  height  of  from  15  to  30  feet,  two,  of 
exceptional  size,  near  Pagoda  hill  in  Cheduba,  being  200  to  250  yards  across. 
The  cones  in  which  the  mud  is  viscid  are  very  steep,  being  built  up  partly 
of  small  quantities  of  mud,  spurted  out  by  the  evolution  of  gas  so  as  to  form 
a  hard  rim  round  the  mud  crater,  partly  of  mud  poured  out  from  the  crater 
down  the  slopes  through  broken  portions  of  the  rim. 

Besides  the  gas  and  mud,  a  small  quantity  of  petroleum  is  usually 
discharged  from  the  vents.  The  gas  consists  mainly  of  marsh  gas  (light 
carburetted  hydrogen),  probably  mixed  with  some  of  the  more  volatile 
hydrocarbons  usually  associated  w  ith  petroleum.     The  mud  is  simply  the 


'  For  a  description  of  the  mud  volcanoes  of 
Minbu  by  Dr.  Oldham,  see  Yule's  Narrative 
of  the  Mission  to  tht  Court  of  Ava  in  t8S5, 
appendix,  p.  339.  The  Ramrf  and  Cheduba  mud 


volcanoes  are  described,  with  fuP  references  to 
earlier  accounts,  by  Mr.  Mallet  in  Records,  XI, 
188,  (1878).  Sketches  of  the  cones  are  given 
in  both  cases. 
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grey  shale  or  clay  of  the  tertiary  rocks,  mixed  with  water  containing  some 
salt  in  solution. 

The  association  of  petroleum  with  large  quantities  of  marsh  gas,  and  the 
frequent  emission  of,  usually  saline,  water  and  of  gas  in  abundance  from 
borings  for  mineral  oil  are  too  well  known  to  require  the  recapitulation  oE 
details.  Both  petroleum  and  gas  are  known  to  be  found  in  many  localities 
amongst  the  tertiary  rocks  of  extra-peninsular  India  and  Burma.  Not  un- 
frequently  both  gas  and  mineral  oil  issue  with  water  in  the  form  of  a  bub- 
bling spring  being,  perhaps,  forced  to  the  surface  by  the  pressure  of  the  gas. 
Whether  a  spring  of  this  kind  forms  a  "mud  volcano"  or  not  depends 
evidently  on  the  nature  of  the  beds  traversed  on  the  way  to  the  surface. 
As  a  rule  the  mud  in  these  vents  is  either  of  the  same  temperature  as  the 
air  or  a  little  higher,  but  in  the  Uamri  craters  a  higher  temperature  has 
been  recorded  after  the  more  violent  eruptions. 

These  paroxysmal  eruptions  appear  to  occur  at  irregular  intervals, 
are  at  times  very  violent  and  appear  frequently  to  accompany  earth- 
quakes. Mud  and  stones  are  shot  out  with  great  force,  accompanied  by 
large  quantities  of  inflammable  gas,  which  in  many  cases  takes  fire 
and  lights  up  the  country  for  miles  around.  Some  of  these  eruptions 
of  ignited  gas  have  taken  place  at  sea  off  the  coast  of  Ramri,  and  in  one 
case  a  small  island  was  formed  near  False  island,  south  of  Ramri  and 
south-east  of  Cheduba,  but  it  was  soon  washed  away  again.  The  ejected 
stones  are  in  all  cases  fragments  of  the  tertiary  rocks,  chiefly  shale  or  sand- 
stone, some  of  them  being  from  half  a  cubic  foot  to  a  cubic  foot  in  size  and  a 
few  are  larger,  but  the  majority  range  from  half  an  inch  to  live  or  six  inches 
in  diameter.  The  ignition  of  the  gas  is  ascribed  by  Mr.  Mallet  to  frictional 
electricity,*  and  not  to  the  high  temperature  at  w  hich  the  various  ejecta  issue, 
the  fact  that  the  stones,  and  even  fragments  of  lignite,  thrown  out  during 
eruptions  are,  as  a  rule,  entirely  unchanged  by  heat,  proving  that  the  gas  is 
not  in  a  heated  state  previous  to  emission.  A  very  few  rare  and  excep- 
tional fragments  of  burnt  and  reddened  shale  have  been  found,  and  these 
have  probably  been  calcined  by  the  flaming  gas. 

It  should  be  noticed  that  even  the  fiery  eruptions  of  the  mud  volcanoes 
of  Arakan  have  nothing  in  common  with  the  igneous  outbursts  of  true  volca- 
noes. In  the  former  gas  is  emitted  at,  in  all  probability,  a  low  temperature 
and  is  ignited,  or  perhaps  occasionally  exploded,  when  mixed  with  atmo- 
spheric air.  In  the  latter  red-hot  lava  and  scoriae  are  ejected,  and  the 
appearance  of  flame  is  due  either  to  the  high  temperature  of  the  substances 


'  Records^  XI,  202.  Mr.  Mallet  points  out  that 
the  principle  of  the  hydro-electric  machine,  in 
which  the  production  oi  electricity  of  high  ten- 
sion is  due  to  the  issue  of  partially  condensed 
steam  through  smsU  orifices  of  such  form  ns  to 


produce  great  friction,  is  similar  to  that  of 
violent  evolution  of  gas  from  such  vents  »s 
those  of  Ramrf.  He  also  notices  the  well- 
known  fact  that  lightning  often  nccomp&nics 
volcanic  «»Tar»tions. 
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projected  into  the  air,  or  to  the  reflection  of  masses  of  glowing  lava  by 
condensed  vaponrs  or  by  clouds  of  volcanic  dust. 

One  mud  volcano  is  known  in  eastern  Assam,  but  none  have  been  found 
in  the  Himalayas  or  in  the  Peninsula  of  India.  On  the  Baluchistcln  coast 
in  Lus  a  number  have  been  described,  which  do  not  appear  to  be  sub- 
ject to  the  same  paroxysmal  eruptions  as  those  of  Ramrf  and  attain  a 
greater  size,  Ihe  largest  being  over  300  feet  in  height.  How  far  this  is  due 
to  the  absence  of  paroxysmal  eruption  or  to  a  greater  constancy  of  the 
vents,  and  how  far  to  the  rainless  nature  of  the  climate,  is  not  clear,  but  in 
all  other  respects  they  resemble  those  already  described. 


CHAPTER  II. 
METAMORPHIC   AND  CRYSTALLINE   ROCKS. 

Gneissose  rocks  of  the  Peninsula  of  two  ages — The  older  gneiss — ^The  newer  gneiss — Bandel* 
khand  gneiss— Newer  gneiss  of  Singrauli — Contrast  with  gneiss  of  Bundelkhand — Chutiil 
Ndgpur— Orissa — Central  Provinces— Haiderabad—Nellore — Bellary — The  southern  Kon- 
kan — Malabar— Nilgiris — Trichinopoli  and  Arcot — Madura  and  Tinnevelli  -  Instrusi  ve  trap 
of  Southern  India— Gneissose  rocks  of  the  Ar^vallis — Extra-peninsular  India — Afghdn* 
istin  -  Himilayas— Assam — Hills  east  of  the  Irawadi  and  Malay  Peninsula. 

The  oldest  rocks  in  India,  and  consequently  the  first  to  be  considered 
in  the  arrangement  adopted  in  this  book,  are  those  belonging  to  the  great 
series  of  gneissose  rocks,  which  covers  a  larger  area  in  the  Peninsula  of 
India  than  all  the  newer  formations  put  together,  and  forms  the  found^ttion 
on  which  they  are  built  up.  In  spite  of  the  great  interest  of  the  numerous 
problems  presented  by  these  rocks,  they  have  as  yet  received  but  little 
attention  from  the  Geological  Survey,  its  energies  having  been  mainly 
directed  towards  those  districts  where  the  most  important  results  were  to 
be  expected  in  the  shortest  time,  and  we  have  consequently  but  little 
detailed  information  regarding  the  gneissose  rocks,  except  in  the  imme- 
diate neighbourhood  of  the  sedimentary  formations.   . 

How  imperfect  is  our  present  knowledge  of  these  rocks  may  be  judged 
from  the  fact  that  it  has  been  found  impossible  to  distinguish,  on  the  accom- 
panying map,  between  true  gneiss  and  intrusive  granite.  It  is  only  within 
late  years  that  the  frequency  with  which  granite  has  acquired  gneissose 
characters  has  been  recognised,  and  it  is  highly  probable  not  only  that 
some  large  exposures,  of  what  has  been  described  as  granitoid  or  massive 
gneiss,  are  composed  of  gneissose  granite,  but  that  what  have  in  many  cases 
been  described  as  beds  of  gneiss,  intcrbedded  with  non-felspathic  schists,  are 
in  reality  veins  of  granite  which  have  been  intruded  along  the  foliation 
planes,  and  subsequently  acquired  a  parallel  arrangement  of  their  consti- 
tuent minerals.  Under  these  circumstances  it  is  impossible  to  attempt 
anything  like  a  complete  or  connected  account  of  the  gneissose  rocks, 
and  the  following  pages  must  be  taken  as  the  merest  sketch,  whose  main 
use  will  be  to  show  how  much  has  yet  to  be  learnt. 

In  spite,  however,  of  the  imperfect  state  of  our  knowledge,  certain 
leading  features  have  come  out  from  the  investigation,    so  far  as  it  has 
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^one,  and  the  most  important  of  these  is  the  recognition  of  the  fact  that 
the  gneissose  rocks  do  not  belong  to  a  single  system,  but  are  comprised 
in  two  or  more  distinct  systems  differing  in  age  from  each  other. 

The  oldest  of  these,  often  described  as  the  Bundelkhand  gneiss 
from  its  having  been  first  recognised  in  the  country  of  that  name,  is 
characterised  by  its  massive  structure,  with  the  foliation  generally  but 
<»bscurely  developed,  and  the  extreme  rarity  of  accessory  minerals.  It 
has  been  recognised  in  Bundelkhand,  in  the  gneissose  inliers  of  Sing- 
bhum  and  in  the  Bellary  district,  and  it  is  possible  that  the  massive 
granitoid  gneisses  of  other  parts  of  Southern  India  may  belong  to  the  same 
system.  In  the  first  and  last  named  districts,  and  apparently  also  in  the 
second,  it  formed  the  floor  on  which  the  oldest  distinctly  sedimentary  beds 
of  the  Peninsula  were  deposited,  showing  that  it  must,  even  at  that 
remote  period,  have  been  an  ancient  rock  which  had  undergone  a  great 
amount  of  sub-aerial  denudation.  These  facts  indicate  a  greater  unity  of 
character  than  can  be  found  in  the  very  diverse  characters  of  what  are 
believed  to  be  the  newer  gneisses,  and  seem  to  show  that  the  Bundelkhand 
gneiss  maybe  considered  as  a  true  rock  system. 

The  second,  or  newer,  type  of  gneiss  exhibits  a  much  better  deve- 
loped foliation  as  a  rule,  it  is  at  times  interbedded  with  schists  and  is 
distinguished  from  the  hrst  by  the  abundance  and  variety  of  the  accessory 
minerals  it  contains.  The  rocks  of  this  division  are  looked  upon  as  newer 
than  those  already  mentioned,  firstly,  because  no  unconformable  contact 
of  original  deposition,  between  them  and  the  sedimentary  beds  of  the 
older  transition  systems,  has  been  observed,  secondly,  because,  where 
they  are  in  contact  with  the  latter,  bands  of  gneiss  have  in  several  places 
been  observed  apparently  interstratified  with  the  distinctly  sedimentary 
beds,  and  thirdly,  because  the  general  type  of  rock  is,  according  to  theories 
that  are  widely  held,  newer  than  that  of  the  Bundelkhand  gneiss.  All 
three  of  these  arguments  are  open  to  dispute.  As  regards  the  first  it 
may  be  observed  that  the  presence  of  a  contact  of  original  unconformity 
with  the  transition  beds  has  of  itself  been  held  sufficient  to  show  that 
the  gneiss  belongs  to  the  older  class,  as  regards  the  second,  there  is  no  evi- 
dence in  the  recorded  observations  to  show  that  the  supposed  interbedded 
gneiss  is  not  gneissose  granite  intrusive  along  the  planes  of  bedding,  or 
a  foliated  arkose,  and  as  regards  the  third,  the  theories  are  by  no  means^ 
completely  established.  Still,  though  absolute  proof  is  wanting,  there  is  a 
distinct  balance  of  evidence  in  favour  of  the  more  foliated  gneisses  being  of 
newer  origin  than  the  massive  forms,  and  this  is  in  accordance  with  the  type 
which  the  foliated  gneisses  and  their  accompanying  beds  of  cry:>talline 
schist  exhibit,  intermediate  between  that  of  the  granitoid  gneiss  on  the 
one  hand  and  the  distinctly  sedimentary,  though  metamorphosed,  beds  of 
the  transition  systems  on  the  other. 
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In  the  only  critical  and  detailed  examination  of  the  gneisses  of  the 
Peninsula  that  we  have  at  present/  Lacroix  has  suggested  the  existence 
of  groups  of  successive  origin  among  the  gneisses  of  the  Salem  district 
and  Ceylon.  His  investigations  were  based  entirely  on  specimens  whose 
localities  had  been  but  imperfectly  recorded,  and  the  suggestion  still  lacks 
that  confirmation  from  detailed  observations  in  the  field  which  alone  could 
render  it  authoritative.  It  is,  however,  probable,  as  will  appear  in  the 
sequel,  that  there  are  more  than  two  successive  series  of  gneisses  repre- 
sented in  the  Peninsula  of  India. 

After  these  introductory  remarks  it  will  be  best  to  proceed  to  a  brief 
review  of  the  principal  points  of  our  knowledge  of  the  gneisses  in 
different  districts  of  the  Peninsula,  commencing  with  that  of  Bundel- 
khand. 

This  gneiss  forms  the  basis  of   lower  Bundelkhand,  as   distinguished 
from  the  higher  portions  of  that  district  lying  on  the  adjoining  Vindhyan 
plateau.     On   the   north-north-east  border,  for  200   miles,  the  gneiss  is 
gradually  covered  by  the  superficial  deposits,  forming  outlying   and    mar- 
ginal portions  of  the  Gangetic  plains,  at  an  elevation  of   500  to  600   feet 
above  the  sea.     Elsewhere  the  area  is  very  sharply  bounded  by  a  scarp 
of  overlying  formations,  whether  Vindhyan  or  transition.     Along  the  base 
of  the   scarp  to  the  south-west  the  elevation   varies  between   1,000  and 
1,200   feet  above   the   sea,  the  scarp  itself  rising  to  1,900.     The  gneiss 
sometimes  forms  hills,  but  the  general  features  of  the  ground  are  flat,  un- 
dulating uplands,  sps^rsely  cultivated,  including  shallow  valleys  and  pi  lins 
of  alluvial  land. 

Gneiss  is  by  far  the  commonest  rock.*  It  may  be  described  as  consist- 
ing of  some  six  minerals — red  orthoclase  felspar,  a  white  plagioclastic 
felspar  (probably  oligoclase),  quartz,  hornblende,  chlorite,  and  mica.  In 
any  one  place  the  gneiss  may  contain  only  two  of  these,  or  it  may  in- 
clude all  of  them.  With  regard  to  texture  every  variety  is  met  with, 
from  a  homogeneous  felstone,  in  which  no  individual  mineral  can  be  dis- 
tinguished even  with  a  lens,  to  a  coarsely  porphyritic  rock,  including 
felspar  crystals  more  than  two  inches  long.  The  orthoclase  nearly  always 
forms  the  main  mass,  and  exceeds  in  quantity  all  the  other  minerals  to- 
getber.  Its  ordinary  colour  is  a  darkish  red,  but  now  and  then  it  is  much 
paler,  and  almost  or  quite  white,  in  such  cases  it  is  not  easy  to  distin- 
guish the  felspars  on  a  fresh  fracture,  when  both  occur,  but  the  difference 
becomes  apparent  on  a  weathered  surface.  The  orthoclase  has  a 
vitreous,  or  somewhat  pearly,  lustre  and  translucent  aspect,  the   other  is 


>  Bull,  Soc.  Fratif.  Miniral.,  XII,  83,  (1889)  ; 
Rtcords,  XXIV,  155,  (1891). 


'  The  characters  of  the  rocks  of  this  area  are 
chiefly  taken  from  the  unpublished  reports  of 
Mr.  F.  R.  Mallet. 
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dull  and  quite  opaque,  having  been  superficially  altered  into  kaolin.  The 
plagioclastic  felspar  is  a  comparatively  uncommon  mineral,  when  present 
it  plays  quite  a  subordinate  part,  and  occurs  in  much  smaller  crystals  than 
the  orthoclase.  As  often  as  not,  no  free  quartz  can  be  detected  in  the 
gneiss,  and  it  very  rarely  indeed  occurs  in  large  quantity.  The  rock  is 
usually  hornblendic,  but  sometimes  the  hornblende  is  partially  or  entirely 
replaced  by  chlorite  and  mica.  The  mica  is  of  more  than  one  species,  both 
uniaxial  and  biaxial,  and  of  varying  colours,  green,  brown,  black,  and 
silvery-white,  the  last  being  riare  and  chiefly  found  in  the  southern  part 

of  the  area. 

Foliation  is  seldom  well  developed,  the  rock  being  very  commonly  to 
all  appearance  perfect  granite,  but  no  direct  evidence  has  been  obtained, 
beyond  this,  of  the  existence  of  true  granite,  and  sometimes,  by  close 
examination,  traces  of  foliation  may  be  detected  in  rock  which  at  first 
sight  appears  quite  devoid  of  it.  This  foliation  has  generally  an  east- 
north-east  direction,  but  varies  to  north-east  and  east-south-east.  The 
planes  are  more  or  less  vertical. 

The  subordinate  varieties  of  rock,  all  combined,  are  of  very  insigni- 
ficant extent  in  comparison  to  the  gneiss.  One  of  the  most  prominent  is 
hornblende  rock,  which  sometimes  resembles  trap  very  closely,  parts 
of  it  being  as  fine-grained  as  the  intrusive  dykes  of  diorite,  or  the  over- 
flowing basaltic  trap,  and  weathering  into  similarly  rounded  lumps,  but 
this  variety  passes  into  a  much  coarser  kind  in  which  the  felspar  and 
quartz  are  Avell  separated.  The  most  trappean  looking  portions,  more- 
over, contain  thin  strings  and  films  of  epidote,  which  have  not  been 
observed  in  the  trap.  Another  well-marked  variety  contains  about  equal 
quantities  of  hornblende  and  white  or  greenish-white  felspar,  in  crystals 
about  an  eighth  of  an  inch  long.  This  rock  sometimes  contains,  in  addi- 
tion, an  inconsiderable  proportion  of  reddish  felspar,  quartz,  and  green 
mica,  and  very  minute  specks  of  iron  pyrites. 

Besides  the  hornblende-rock,  talcose,  hornblendic,  chloritic,  quartzose, 
and  even  arorillaceous  schist,  and  the  combinations  of  these  with  each  other, 
occur  with  the  gneiss.  Mica  schist  has  not  been  observed.  Schists  are  of 
very  rare  occurrence  in  the  gneiss  generally,  but  all  the  above  varieties  are 
to  be  found  in  some  force  in  the  southernmost  part  of  the  area,  in  the 
Maraura  region.  This  peculiarity  of  distribution  is  so  marked  that  it 
was  thought  that  the  schistose  strata  might  here  be  separable  from  the 
crneiss  a  suggestion  which  is  much  encouraged  by  the  fact  that  the  great 
quartz-reefs,  elsewhere  so  prevalent  in  the  gneiss,  stop  short  of  this  ground, 
but  it  has  not  as  yet  been  found  possible  to  draw  a  line  between  the 
gneissic  and  the  schistose  subdivisions.  Gneiss  of  the  usual  type  is  still 
a  prevalent  rock  in  the  schistose  area,  and  is  the  most  southerly  rock  seen 
at  Shahgarh.    It  seems,  too,  to  be  truly  associated   with  the  schists.     We 
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may  perhaps  at   least  infer  that  in  this  region  we  have   the  top  of  the 
gneissic  series  of  Bundelkhand. 

It  is  a  noteworthy  fact  that  over  the  whole  of  this  large  area  of  gneiss 
not  a  single  bed  of  limestone  has  been  detected. 

Pegmatite  veins,  from  a  few  inches  to  a  foot  or  two  in  breadth,  are 

very  common.     If  these  were  intrusive,  it  might  be  expected  that  they 

would  be  somewhat  uniform  in  composition,  irrespective  of  the  nature  of 

the  surrounding  rock,  but  it  has  been  invariably  observed  that  the  felspar 

of  the  vein  is  the  same  as  that  of  the  rock  adjacent,  whether  the  latter  is 

orthoclase  or  plagioclase,  or  includes  both,  the  cliicf  difference  consisting 

in  the  larger  crystallisation  and  in  the  usual  absence  of  the  third  mineral 

(hornblende,  etc.)  in  the  veins.     It  is  therefore  presumable  that    the  veins 

were  formed  by  segregation  at  the  time  of  the  crystallisation  of  the  gneiss. 

The    almost  total   absence   of  accessory  minerals    in  these  rocks   is 

remarkable.     Mr.  Mallet  only  mentions  epidote  sparingly    in   the    horn- 

blende    rock,    schorl    in  some  of   the    small    quartz  veins  of  the  Maraura 

region,  small   grains   of  ilmenite   in   some   of   the    pegmatite    veins,   and 

strings  of  altered    kyanite  in  the  quartzose  rock  of   Dhdnkua  hill.     Sicall 

pieces   of   galena   have   been   sent   from   Jhdnsi    for   analysis,    but   their 

locality   is   not   known,  and  they  may  not  have  been  procured  from  the 

gneiss.     Iron  ore  has  been  extensively  burrowed  for  at  Dhawara,  it  is  a 

decomposed  earthy  condition  of   the  banded    haematite  and   quartz.     The 

absence  of  any  trace  or  tradition  of  gold  in   connection   with    the    quartz 

reefs   is    noteworthy. 

All  over  lower  Bundelkhand  long  narrow  serrated  ridges  composed 
of  quartz-reefs  form  a  most  striking  feature  of  the  landscape.  They 
run  in  straight  lines,  generally  with  a  north-east  to  south-west  direction, 
sometimes  attain  an  elevation  of  600  feet  over  the  surrounding  country, 
and  are  exclusively  confined  to  the  gneissic  series.  They  are  pretty 
equally  distributed  over  the  ground,  with  the  exception  noticed  in  the 
southern  region,  which,  moreover,  lies  right  across  the  strike  of  the  reefs 
to  the  north-east. 

The  prevalent  strike  of  these  quartz-reefs  is  about  north-east  by 
north,  but  varies  from  north-north-west  to  east  north-east.  The 
breadth  of  the  veins  varies  from  a  few  feet  up  to  100  yards,  in  the  reef 
west  of  Bhagwa.  Some  of  them  are  traceable  in  a  direct  line  for  more 
than  60  miles,  the  local  interruptions  which  occur  being  sometimes  due 
to  removal  by  denudation,  sometimes  to  strangulation  of  the  vein  itself. 
Other  reefs,  again,  though  of  full  thickness  and  very  prominent  at  the 
surface^  are  short  and  end  abruptly.  There  is  a  good  case  of  this  at 
Dehri,  where  a  broad  reef,  300  feet  high,  is  only  about  a  mile  long,  no 
trace  of  it  occurring  in  the  gneiss  to  the  north  or  south.  The  narrow 
gaps  by  which  the  minor  streams  in  many  places  cross  the  reefs   give 
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peculiar  facility  for  the  formation  of  lakes,  as  a  very  short  dam  is  often 
sufficient  to  pond  back  a  large  surface  of  water,  and  many  of  the  numer- 
ous artificial  lakes  in  Bundelkhand  are  formed  in  this  way. 

The  reefs  are  often  affected  by  joint  planes,  which  sometimes  give  an 
appearance  of  horizontal  bedding  to  the  mass.  When  parallel  with  the 
direction  of  the  reef  itself  they  suggest,  in  a  more  puzzling  manner,  the 
impression  of  a  bedded  mass.  Now  and  then  the  quartz  is  much  shattered. 
At  Deokalli  and  Bagpura  samples  might  be  taken  for  the  Bijdwar  horn- 
stone-breccia,  a  description  of  which  will  be  found  on  a  subsequent  page. 

Foliation  is  often  developed,  owing  to  the  metamorphic  condition  of 
the  reefs  themselves,  and  it  usually  extends  to  the  contiguous  gneiss, 
which  is  generally  so  amorphous.  When  the  foliation  in  both  rocks  has 
the  same  direction  as  the  reef  itself,  the  quartz  mass  might  be  taken  to 
be  interbedded  with  the  gneiss.  Generally  the  foliation  is  oblique  to  the 
direction  of  the  vein,  while  still  the  same  as  that  of  the  gneiss. 

Many  of  the  reefs  arc  of  greyish  white  quartz.  Frequently  they  con- 
tain a  large  amount  of  impure  serpentine,  and  occasionally  they  are  formed 
almost  entirely  of  this  material.  The  more  northerly  of  the  two  ridges  at 
Dallipur  is  an  example.  At  Rajapur  a  band  of  nearly  black  serpentine 
occurs,  apparently  a  continuation  of  the  quartz  vein  to  the  north.  In 
many  cases  the  gneiss  is  serpentinous  for  some  distance  en  each  side  of  a 
vein,  there  being  no  distinct  separation  between  the  two  rocks,  but  ser- 
pentinous gneiss  has  not  been  observed  except  near  a  quartz  vein. 
Steatite  takes  the  place  of  serpentine  in  a  few  veins. 

From  his  observations,  as  above  sketched,    Mr.    Mallet    concludes   that 
the  reefs  were  probably  formed  before  the  metamorphism  of  the  gneis 
was  accomplished. 

Many  of  the  quartz-reefs,  as  well  as  the  gneiss  itself,  are  traversed  b}^ 
more  recent,  and  much  smaller,  veins  of  pure  white  quartz,  the  thickest  not 
much  exceeding  one  foot  in  breadth.  They  are  very  frequently  crystalline 
and  drusy  in  the  centre,  and  they  are  always  sharply  distinct  from  the  rocks 
they  traverse.     Their  direction  is  very  irregular. 

The  gneiss  of  Bundelkhand  is  also  remarkable  for  being  traversed  by 
extensive  trappean  intrusions,  none  of  which  penetrate  any  of  the  younger 
formations.  These  dykes,  of  true  igneous  rock,  are  more  numerous  than  the 
quartz-reefs,  and  exhibit  nearly  as  much  regularity  in  their  course,  their 
prevailing  direction  being  about  north-west  by  north,  so  as  to  cut  the  reefs 
obliquely  at  an  angle  of  about  70°.  Some  few  run  east  of  north,  or  due 
west.  Many  are  of  considerable  size,  a  breadth  of  100  feet  being  not 
unfrequent,  while  some  are  much  wider.  They  are  often  persistent  for 
great  distances.  The  commonest  type  is  an  extremely  hard  and  tough 
close-grained  greenstone  (diorite),  in  which  the  hornblende  and  the  white 
felspar  are  sometimes  clearly  separated.     The    rock   often    weathers  into 
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large    rounded   blocks  without  any  tendency    to  exfoliation.     The   small 
dykes  are  of  a  more  earthy  texture. 

It  IS  very  rare  to  find  any  intersections  of  the  dykes  and  reefs  that 
can  be  taken  as  conclusive  of  their  relative  age.  It  is  not  so  uncommon 
to  find  a  dyke  running  close  up  to  a  reef  on  both  sides  without  cutting 
it,  but  such  an  occurrence,  might  easily  happen,  even  though  the  reef  were 
the  older,  as  it  may  have  offered  a  greater  resistance  to  splitling.  One 
good  case  of  the  converse  carries  much  more  weight.  Mr.  Mallet  records 
an  occurrence  where  a  quartz  vein,  striking  east-20^-north,  abuts  against 
a  strong  dyke  running  west-2o°-north,  traces  of  the  quartz  being  found 
also  on  the  other  side.  But  he  considers  the  general  argument  from 
the  condition  of  the  two  rocks  to  be  independently  conclusive,  the  trap 
has  certainly  not  undergone  metamorphism,  whereas  the  reefs  as  certainly 
have. 

The  hislory  of  this  comparatively  small  area  of  gneiss  would  be  very 

interesting-^    It   has  served  as  a  shore  or  a  bed    for  each  of   the    great 

adjoining  formations.     The  Bijclwars  and  the  Gwdliors  lie  upon  its  margin 

north  and  south,  but  no  detached   outliers  of  either  are  found   within  its 

border,  so  that  it  may  have  been  a  well-elevated  area  at  the  period  of  their 

formation.     The  same  may  be  said  of  the  lower   Vindhyan    deposits.     It 

is  not  so  with   the   upper  Vindhyans,  of  which  the  outliers  are  numerous, 

and  lie  at  considerable  distances  from  the  scarp  of  the  basin.     In  the  east 

these    form   a   portion   of  an  ascending  slope,  the  base  of  the   capping 

Vindhyan  sandstone  being  higher  in  the  outliers  than  in  the  scarp.     In  the 

north-west  it  is  curiously  the  reverse,   the  gneiss  reaches  high  up  all  along 

the  western  scarp,  but  the  outliers  of  Vindhyan  sandstone  to  the  eastward 

rest  at  the  general  level  of  the  low  country. 

The  next  overlying  formation  is  the  Deccan  trap,  remnants  of  w^hich 
are  found  on  the  low  ground  in  the  southernmost  part  of  the  area,  and 
traces  of  the  infra-trappean  (Lameti)  conglomerate  occur  more  exten- 
sively in  the  same  position.  That  this  portion  of  the  scarp-bounded  area 
oan  have  been  so  occupied  almost  necessarily  implies  that  th^  whole  of 
the  gneissic  ground  must,  at  the  period  of  the  Deccan  trap,  have  had 
^  configuration  very  like  what  it  has  now,  and,  the  source  of  the  eruptive 
rock  being  presumably  to  the  south  or  south-west,  the  lava  must  have 
poured  from  the  plateau  to  the  lowlands.  Trap  does,  in  fact,  occur 
continuously  from  one  level  to  the  other  in  the  Madanpur  gorge,  but  its 
condition  suggests  no  resemblance  to  a  lava  stream. 

The    newer  type  of  gneiss  is  well  developed    south  of  the  Vindhyan 

l)asin,  in  Rewi,   Mirzapur,  and  Behar.      It  has   been  there  examined  by 

Mr.  Mallet,  from  whom  the   account  of  the  Bundelkhand  area  has  been 

taken,    and    consequently    we    have   not    to    allow  for  discrepancies  of 
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observation.*     He  gives  the  following  tabular  abstract  of  the  constituents 

of  the  gneiss  in   Singrauli,  a  petty  principality  now  absorbed  in  the  RewA 

state  and  adjoining  districts  : — 

I.— Minerals  occurring  as  constituents  of  the  gneiss  : — 

Quartz,    orthoclase,  oligoclase,  muscovite,  biotice,  hornblende,  epidote. 

2. — Occurring  in  beds  in  the  gneisc  :— 

Limestone,  dolomite,  corundum,  magnetite,  quartz  as  quartzite  and 
quartz-schist,  hornblende  as  hornblende-rock,  tremoliie-rock  and 
jade,  mica  as  mica-schist,  epidote. 

3.— Occui  ring  in  veins  in  the  gneiss  :— 

fl.—  Quartz  in  veins  and  reef-quartz,  stilbite  (?) 

b, — In  pegmatite  veins  fas   constituents):  orthoclase,  oligoclase,  quartz, 

mica. 
c. — In  epidolic  veins  :  epidote,  quartz. 

4. — Accidental  minerals  in  the  gneiss  :  — 
Magnetite,  ilmenite,  schorl,  garnet. 

5. — Accidental  minerals  occurring  in  the  subordinate  beds  (2)  of  the  gneiss : — 

a, — In    the   limestone— magnetite,   pyrite,  haematite,   serpentine,    chryso- 

tile,  phlogopite  (?),  wollastonite. 
b. — In  corundum  bed— schorl,  euphyllite,  diaspore. 

€. — In  jade  bed  (associated  with  corundum)— corundum,  rutile(?),    schorl, 
euphyllite. 

6.— Accidental  minerals  occurring  in  the  veins,  etc.,  in  the  granite  veins : — 

«.— In  the  quartz-veins- micaceous  iron,  tremolite,  augite,  epidote,  schorl, 

muscovite. 
b, — In  the  quartz-reefs— galena,  cerussite. 
c— In  the  pegmatite  veins— schorl,  garnet. 

To  this  list  may  be  added  the  minerals  found  by  Mr.  Mallet  in  the 
same  zone  further  to  the  east,  in  HazcLribigh :  lepidolite,  tourmaline, 
beryl,  apatite,  leucopyrite,  and  tinstone.     Zircon  is  also  said  to  occur. 

The  contrast  between  the  minerals  named  in  this  table  and  the  con- 
stituents of  the  Bundelkhand  gneiss  is  very  striking.  The  most  marked 
differences  are  the  abundance  of  the  disseminated  quartz,  the  compara- 
tive frequency  of  limestone,  and  dolomite,  and  of  mica  schist,  and  the 
general  occurrence  of  accessory  minerals  in  the  Bengal  gneiss. 

The  structural  characters  present  another  noteworthy  point  of  con- 
trast between  these  two  gneissic  series.  In  Bundelkhand  the  rock  is 
generally  homogeneous  and  amorphous,  the  foliation  obscure  and  con- 
stantly in  more  or  less  vertical  planes,  as  if  due  to  the  causes  which 
produce  cleavage.  In  the  Bengal  gneiss  bordering  the  Bijiwar  basin  on 
the  south,  thefoliation  coincides  with  what  appears  to  be  the  original  lami- 
nation and  bedding.  It  has  a  general  east-north-east  strike,  corresponding 
with  that  of  the  main  rock-boundaries,  but  the  alternating  strata  frequently 
roll  about  at  low  angles  of  dip,  or  are  crushed  together  confusedly,  the 
foliation  constantly  agreeing  with  the  lie   of  the  beds.     A  third  point  of 

'  Mr.  Mallet's  work  has  been  only  partially  published,  Records,  V,  18 ;  VI,  42  ;  VII,  3?,  (1872-74). 
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contrast  is  in  the  relation  to  the  overlying  transition  formations,  which 
rest  nearly  horizontal  and  undisturbed  on  the  gneiss  of  Bundelkhand,  and 
are  uniformly  disturbed,  metamorphosed  and  subjected  to  granitic  intru- 
sions where  they  occur  in  contact  with  the  gneiss  of  the  Bengal  area. 

Quartz-reefs  have  been  described  in  this  gneiss  also,  but  to  a  very 
subordinate  extent,  and  their  origin  as  \(t\ns  is  in  many  cases  open  to 
question.  A  common  mode  of  occurrence  of  this  quartz,  or  quartzite,  is  close 
to  the  boundary  of  the  slate  and  gneiss  series,  but  it  does  not  coincide  with 
their  junction,  and  it  is  not  in  any  sense  a  contact-formation  separating 
sharply  distinct  types  of  rock.  It  occurs  in  the  strike  of  the  foliation  and 
stratification,  and  may  well  be  an  altered  quartzite. 

There  is  a  rock  common  in  this  northern  area  of  the  Bengal  gneiss, 
perhaps  occurring  most  typically  within  the  zone  mainly  occupied  by  the 
transition  series.  It  is  known  as  dome  gneiss,  from  its  weathering  into 
great  hemispherical  or  ellipsoidal  masses  of  bare  rock,  the  only  divisional 
planes  being  concentric  layers  of  exfoliation^  The  domes  are  often 
several  hundred  feet  high,  and  form  a  very  peculiar  object  in  a  landscape. 
Foliation  is  always  more,  or  less  traceable,  and,  in  every  respect  of  texture 
and  composition,  the  rock  is  the  same  as  that  of  the  thin  bands  alternating 
with  schists  in  the  adjoining  ground.  Both  are  often  porphyritic,  the 
dome-gneiss  generally  so,  containing  large  ill-formed  (rounded)  crystals 
of  felspar.  There  can  be  no  doubt  that  the  peculiar  form  exhibited  by 
this  rock  is  due  to  the  occurrence  of  large  masses  of  more  homogeneous 
composition  than  usual,  but  the  question  is  how  these  conditions  were 
produced,  whether  we  must  not  suppose  a  partial  degree  of  plasticity  to 
have  been  attained,  and  whether  the  rock  is  not  in  a  manner  intrusive. 
At  the  Kdldpahdr  and  the  Bhiaura  hills  on  the  northern  fringe  of  the 
Hazdribdgh  plateau,  and  the  Mandar  hill  of  the  Bhigalpur  district  in  the 
same  «»eological  region,  there  are  very  typical  examples  of  the  dome-gneiss. 

The  comparative  rareness  of  trap-dykes  in  the  Bengal  gneiss  is  another 
point  of  contrast  with  the  Bundelkhand  area.  In  some  parts  they  are 
pretty  frequent,  perhaps  most  so  in  the  vicinity  of  the  basins  of  Gondwina 
rocks,  where  they  are  often  continuous  into  such  basins,  thus  fully  establish- 
ing, their  comparatively  recent  date,  but  they  are  by  no  means  generally 
distributed. 

Pegmatite  is  not  uncommon  in  the  gneiss  of  Singrauli.  Mr.  Mallet 
does  not  consider  this  to  be  intrusive,  its  composition  varying  with  the 
rock  it  traverses,  as  was  explained  in  tie  case  of  the  pegmatite  of 
Bundelkhand.  In  northern  Haziribdgh,  however,  he  describes  the  extensive 
occurrence  of  intrusive  pegmatitic  granite,  ramifying  in  the  most  intricate 
manner,  in  veins  and  dykes  of  from  i  inch  to  50  yards  wide,  through  both 
the   gncis&  and   the    transition    schists,  and  maintaining  its  composition 

>  V.  Ball,  Memoirs,  VI,  132,  (1867) ;  XVIII,  pS,  (1881). 
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irrespective  of  the  enclosing  rock.  It  is  composed,  in  order  of  crystallisa- 
tion, of  tourmaline,  mica,  felspar,  and  quartz,  all  four  being  generally 
present,  but  their  proportions  vary  greatly.  Its  texture  is  very  uneven, 
the  coarsest  forms  being  often  found  in  comparatively  narrow  dykes.  It  is 
in  this  rock  that  the  mica-mines  of  Behar  are  worked.  Not  unfrequently  the 
pegmatite  assumes  the  curious  form  known  as  graphic  granite. 

The  gneiss  of  the  Chutii  Nigpur  districts,  up  to  the  basin  of  trans- 
ition rocks  in  south-west  Bengal,  is  more  or  less  freely  interbedded 
with  micaceous  hornblendic  and  silicious  schists,  and  occasional  bands  of 
the  porphyritic  granitoid  variety.  Patches  also  occur  of  less  highly  meta- 
morphic  schists. 

^  The  junction  of  the  Chntii  Ndgpur  or  Bengal  gneiss  with  the  trans- 
ition rocks  of  Singhbhdm,  is  described  by  Mr.  Ball^  as  a  great  fault.  But 
within  this  basin  of  submetamorphic  rocks  there  are  extensive  inliers 
of  a  gneiss  which  seems  to  be  of  an  older  date  than  that  of  Chutii  N^lgpur, 
and  is  apparently  equivalent  to  the  Bundelkhand  gneiss.  It  is  very  uniform 
and  granitoid,  there  is  a  total  absence  of  the  thin-bedded  gneiss,  schists, 
etc.,  which  abound  in  the  main  gneissic  area  to  the  north,  and  we  again  fmd 
a  remarkable  abundance  of  trap-dykes,  forming  two  intersecting  systems, 
having  north-westerly  and  north-easterly  courses,  respectively.  In  contact 
with  this  Chutia  Nagpur  gneiss  the  transition  strata  exhibit  a  minimum 
of  alteration  and  disturbance.  Mr.  Ball  describes  them,  at  and  near 
ChaibciscL,  as  sandstones  and  mudstones  resting  immediately  on  the  rough 
weathered  surface  of  the  granitic  gneiss.  There  are  local  faults  along  the 
boundary,  but  it  is  certain  that  the  original  relation  of  the  two  series  is  like 
that  between  the  Bijiwars  and  the  Bundelkhand  gneiss,as  already  described. 

Further  south,  in  the  Tilcher  country,  the  ordinary  newer  type  of 
metamorphic  rocks  again  prevails.  The  following  rough  classification  of 
them  is  given  by  Mr.  Blanford* ; — 

Gness,  a.  -  Hard,  coarse,  and  felspcthic,  becoming  sometimes  lithologically  a 

perfect  granite. 

„     6. — Soft  foliated,  quartzose  or  micaceous. 

„     c. — Compact,  but  sometimes  soft,  containing  garnets,  frequently  decom- 
posed. 

Hornblendic  gneiss  or  schist,  soft  and  foliated. 

Quartz'schibt  or  schistose  quartz,  occurs  frequently  in  bands  separated  by  softer 
micaceous  layers 

The  variations  in  composition  coincide  with  the  planes  of  foliation,  the 
prevailing  direction  being  west-north-west  to  east-south- east. 

Higher  up  the  Mahinadi  valley  in  the  neighbourhood  of  Sambalpur, 
Mr.  BalP  observed  syenitic  ard  protogenic  gneiss  as  common,  horn- 
blende-rock   and  schist  as  somewhat  rare,  strong  quartzites  forming  the 

>  Memoirs,  XVIll,  88,  130,  (1881).       ^Memoiis,  I,  39,  (1856).         »  Records^  X,  181,  (1S77). 


Chap*!!*]  GNEISSES  of  nellore.  33 

most  peculiar  feature  in  the  gneiss;  mica-schist/  qiiartz-scliist,  and  slialy 
slate  (and  in  one  instance,  near  Kitikela  north-east  of  Sanibalpur,  a  con- 
glomerate) were  found  associated  with  the  gneiss.  The  strike  in  this 
region  would  seem  to  be  very  variable— east  to  west,  north  to  soiith,  nortb« 
west  to  south-east,  and  north-east  to  south-west,  being  all  recorded. 

On  the  same  latitude,  about  Nigpur,  Dr  Blanford^  has  noticed  the 
general  resemblance  of  the  gneissic  rocks  to  those  of  Bengal.  Here 
again  there  is  much  irregularity  in  the  strike. 

There  is  but  little  information  available  regarding  the  gneiss  of  the 
Nizam's  dominions  in  Haideribcld.  Westward  of  Kamamet  the  massive  form 
is  known  to  he  largely  developed  in  broad  bands  running  about  north-north- 
wesr,  with  the  more  foliated  types  intervening.  From  a  short  distance  east 
of  Kamamet  the  schistose  forms  are  found,*  and  continue  to  the  eastern 
limit  of  the  gneiss  area\ 

In  the  Nellore  portion  of  the  Carnatic,  and  the  coastal  regions  of 
the  Kistna  and  Godavari  districts,  Dr.  W.  King  recognised  four  distinct 
varieties  of  gneiss,  occupying  separate  areas  and  apparently  indicating 
different  periods  of  formation,  which  w^re  distinguished  as—* 

4.  Micaceous,  talcose  and  hornblendic   schists,  with  few  quartz- n^  ,.  . 

schists  or  quartz-rock       •         .  •         •         •         ,  > 

3.  Foliated  gneisses  with  frequent  quartz-schists  or  quartz-rock    ^ 
2.  Grey  gneiss,  sometinnes  porphyritoid    .  .         •         .         ,")  Massive 

1.  Red  granitdid  gneiss  .         .         .         •         .         ,         ,)      gneisses. 

The  red  granitoid  gneiss  only  occurs  south-west  of  Venkatagiri  and 
westwards  into  the  upland  of  North  Arcot  and  Cuddapah.  The  gneiss  is 
generally  a  close-grained  aggregate  of  quartz  and  felspar  (orthoclase,  oligo- 
clase  (?)  and  a  little  albite),  hornblende  being  often  scarcely  discernible 
and  mica  even  more  rare.  The  quartz  is  of  two  forms,  dull  amorphous, 
and  glassy,  and  the  felspar  usually  of  a  pale  flesh  colour. 

The  grey  granitoid  gneiss  forms  a  band  injmediately  east  of  this,  and 
extends  northwards  along  the  eastern  edge  of  the  main  exposure  of  Cudda- 
pah rocks.  The  actual  passage  from  one  type  to  the  other  is  gradual,  but 
on  either  side  of  a  narrow  interval  the  rocks  diflFer  decidedly  in  type. 
There  is  more  variety  in  the  rocks  of  this  band  than  in  the  red  gneiss,  but 
the  prevalent  form  is  a  rather  rough  gneiss  of  quartz,  felspar,  and  hornblende. 
The  rock  is  obscurely  foliated,  but  the  foliation  can  generally  be  detected. 

The  boundary  between  the  granitoid  and  the  schistose  gneisses  is  said 
to  be  tolerably  defined.  The  latter  are  distinguished  by  their  distinct 
foliation,  and  consist  of  hornblendic,  micaceous,  talcose,  and  chloritic 
schists,  and  well  foliated  and  more  massive  gneisses.  No  attempt  was  made 
to  nnap.the  two  -subdivisions  separately,  but  the  relative  age  was  regarded 

»   Memoirs,  IX,  301,  (1872).  |     «  W.  King,  Memoirs,  XVIII,  201,  (l88i). 

»  R.  B.  Foote,    /Records,  XVIII,  28,  (1885).         *  Mtmi'),s,   XVI,  126,  (.SSo). 
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as  that  given  in  the  tabular  statement.  The  gneiss  No.  4  is  said  to  occur 
in  a  band  separating  the  granitoid  gneisses  from  No.  3,  and  to  overlie 
both.  It  seems  probable,  however,  that  an  outcrop  of  the  Dh&rwir  system, 
which  had  not  been  separated  when  the  survey  was  made,  has  been  included 
with  the  metamorphtcs. 

In  the  northern  portion  of  this  area  a  fifth  form  of  gneiss  is  known, 
which  lias  been  described  as  the  Beiwada  gneiss'  from  the  town  of  that  name, 
where  it  is  typically  developed,  it  forms  a  band  along  the  edge  of  the 
alluvial  area  from  the  Kistna  northwards  to  the  God^vari,  and,  from  its  posi- 
tion as  well  as  the  less  degree  of  metamorphism  it  has  undergone,  is 
believed  to  be  newer  than  the  other  gneisses.  With  the  exception  of  thin 
subordinate  bands  of  quartz-schist  and  quartzose  gneiss,  the  usual  rock 
is  of  a  dark  brownish  colour,  composed  principally  of  lustrous  red  murcbt- 
sonite,  which  sometimes  so  predominates  that  there  are  seams,  and  even 
thick  beds,  of  felspar  rock,  the  murchisonlte  being  then  granular.  Garnets 
are  frequently  scattered  through  the  rock  and  often  extreinely  abundant. 
Here  and  there  graphite  occurs  in  sufficient  abundance  to  convert  the  rock 
into  a  graphitic  schist. 

These  rocks  appear  to  extend  northwards  along  the  coast  as  far  as 
Vizagapatam*,  where  they  attain  an  extensive  development,  and,  besides 
the  types  of  rock  seen  further  south,  contain  some  bands  of  crystalline 
limestone. 

In  the  southern  part  of  this  area  important  mica  mines  have  lately 
been  opened  ia  some  very  coarse  granite  intrusions.  At  Inikurti  the 
crystals  are  as  much  as  10  feet  in  diameter,  sheets  of  4  or  5  feet  across 


Fig,  3.  Mies  mines  at  Inlkortl, 
have  been  obtained,  frre   from  adventitious  inclusions  which  would  spoil 

'  W.  Klnp,  Memairt,  XVI,  2aS,  (i8Rn).  '  W.  KinR,  Bfctrds,  XIX.  149,  (1RS6), 
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their  commercial  value,  but  the  size  of  the  crystals  can  perhaps  be  best 
realised  from  the  photograph  reproduced  in  figure  3. 

In  the  south  Mardth^  country,  and  in  the  Bellary  district,  the  massive 
type  of  gneiss,  resembling  that  of  Bundelkhand,  is  largely  developed 
The  outcrops  form  broad  bands  intervening  between  the  strips  of  trans- 
ition rocks,  which  rest  on  an  eroded  surface  of  the  granitoid  gneiss. 
There  are  two  principal  types  of  this,*  first  a  fine  or  medium-grained  red- 
dish or  grey  rock,  sometimes  so  homogeneous  as  to  be  hardly  distin- 
guishable from  a  felsite,  whose  most  remarkable  accessory  mineral  is 
pistacite,  occurring  in  veinlets  and  films  lining  the  joints,  and  also  as  grains 
scattered  through  the  mass  of  the  rock.  The  other  type  is  coarse-grained, 
often  highly  porphyritic,  and  is  principally  developed  in  the  west,  while 
the  finer-grained  types  are  more  common  in  the  east  of  the  district.  The 
foliation  in  the  coarse-grained  porphyritic  rock  is  very  obscure,  and  the 
prevailing  felspar  a  pink  ortboclase. 

Schistose-foliated  gneiss  is  found  in  a  band  lying  between  the  massive 
porphyritic  rock  of  Bellary  and  the  band  of  Dhdrw^rs  to  the  south-west,  the 
principal  form  of  rock  is  quartzo-hornblendic,  but  no  sections  showing  the 
contact  of  this  rock  with  those  on  either  side  were  seen. 

Numerous  veins  of  granite,  composed  of  quartz,  red  or  pink'orthcclase, 
and  pistacite,  are  found  intersecting  the  granitoid  gneiss  near  Gooty,  and 
the  schistose  bornblendic  gneiss  further  south. 

The  crystalline  rocks  in  Bellary  district  are,  as  a  rule,Jvery  unlike  the 
mass  of  the  gneisses  in  the  east  and  south  of  the  Peninsula,  but  bear 
a  very  strong  petrographical  likeness  to  the  Bundelkhand  gneiss.  The 
resemblance  is  not  only  a  petrographical  one  in  hand  specimens,  but 
also  a  very  striking  one  in  the  features  of  the  landscapes  of  parts  of  these 
two  widely  remote  regions — a  likeness  abundantly  confirmed  by  compari- 
son of  good  photographic  views  of  the  granitoids  in  both  tracts. 

The  long,  narrow,  serrated  edges  of  quartz  reefs,  which  form  such 
frequent  and  striking  a  feature  in  the  Bundelkhand  landscape,  are  nearly 
as  common  in  Bellary  district  and  other  parts  of  the  Ceded  Districts  and, 
like  those  in  Central  India,  they  not  unfrequently  attain  to  heights  of 
500  to  600  feet  and  upwards  above  the  general  level.  The  granitoid 
gneisses  in  Bellary  district  and  the  adjacent  districts  of  Anantdpur 
Karnul,  and  Cuddapah,  are  also  traversed  by  very  numerous  trap  dykes 
of  great  size  and  length,  which  often  rise  into  bold  crests  and  ridges,  forml 
ing  very  conspicuous  objects  in  the  landscape.  The  relation  of  these  to 
the  grneisses  and  to  the  great  quartz  reefs  is  precisely  the  same  as  in  the 
typical  Bundelkhand  area. 

R  '  R^'^F^I'^^ir  '".**^^i"*  '»  **?«J^r  i^'^''"^"'  ^^^  ico.(.886)  and  a  forthcoming 

R     B.     Foote,    Sfemoits,   XII,  37,   (1876);  ^<'w<?iV  on  the  Bellary  dUtrict, 
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A  further  noteworthy  fact,  in  perfect  agreement  with  the  geological 
structure  of  the  Bundelkhand  gneiss,  ib  the  total  absence,  as  far  as  our 
present  knowledge  goes,  of  limestones  in  the  gneissic  region  of  Bellary, 
the  south  Maratlia  country,  the  Raichur  Doclb,  and  the  districts  of  Anantd- 
pur,  Karnal,  and  Cuddapah.  Yet  another  point  in  which  the  granit- 
oid gneisses  of  bundelkhand  and  Bellary  show  a  strong  similarity,  is 
in  the  extraordinary  rarity  of  accessory  minerals — a  point  in  which  they 
differ  much  from  the  gneisses  in  the  eastern  Carnatic* 

The  gneissic  rocks  of  Sdwantwiri  and  Ratnigiri  in  the  Konkan,  as 
the  low  country  between  the  Sahyadri  range  and  the  sea  is  called,  would 
seem,  from  Mr.  Wilkinson's  description,  to  be  more  varied  than  on  the 
Deccan  plateau  above  the  ghats.  The  distribution  in  separate  bands  of 
more  massive  and  more  schistose  characters  does  not  occur.  The  beds  con- 
sist of  true  gneiss  {t,e.  a  well  foliated  quartzo-felspathic  rock),  micaceous 
and  hornblendic  schists,  quartzites,  and  altered  micaceous  sandstones,  witli 
some  subordinate  bands  of  granitic  and  syenitic  gneiss,  also  occasional 
talcose,  chloritic  and  actinolitic  schists.  The  mass  of  porphyritic  syenite 
forming   Wajhiri  hill,  five   miles  from  Vengurla,  is  considered  to  be  intrur 

sive.* 

In    south  Malabar   Mr.  Lake*  has  described  three  principal  types  of 

gneissose  rocks,  which  appear  to  be  of  different  ages.  They  are,^/'5//y,  the 
quart^ose  gneiss,  composed  principally  of  quartz  and  hornblende,  or  some- 
times mica,  the  other  minerals  are  frequently  absent,  and  thick  bands  of 
pure  quartz  occur;  large  masses  and  runs  of  very  hornblendic  rock  are  also 
found,  and  some  beds  consist  principally  of  quartz  and  haematite,  the  latter 
apparently  due  to  the  decomp-^sition  of  garnets.  Secondly^  the  garnetiferous 
gneiss,  usually  a  granular  rock,  with  much  quartz,  a  little  felspar,  and  horn- 
blende in  varying,  though  seldom,  large,  proportion;  garnets  characterise  the 
rock,  and  are  occasionally  very  abundant,  but  usually  subordinate  to  the 
quartz.  Thirdly y  the  felspathic  gneiss,  in  which  felspar  forms  the  principal 
constituent,  quartz  also  occurs,  but  there  is  very  little  of  any  other  mineral. 
There  are  also  exposures  of  granitoid  and  hornblendic  gneissose  rocks  which 
appear  to  be  intrusive  and  do  not  cover  any  large  area  in  the  district. 

The  distribution  of  the  three  types  of  gneiss  presents  some  features  of 
interest.  The  quartzose  type  of  rock  is  found  in  two  areas,  which  are  pro- 
bably connected  with  each  other  in  the  intervening  unsurveyed  ground,  The 
strike  of  the  foliation  is  nearly  north  and  south.  The  quartzose  gneiss 
is  succeeded  to  the  west  by  the  garnetiferous,  and  this  again  by  the  felspathic 


>  This  and  the  two  preceding  paragraphs  are 
extracted  from  Mr.  R.  B.  Foote's  unpublished 
Memoir  on  the  Bellary  district. 

^  Records,  \W,  41,   (1B71).    Some  allowance 


clature  between  different  observers  in  the^e 
rocks;  what  some  might  call  an  altered 
micaceous  sandstone  others  would  name  a 
quartz-schist. 


must   be    made  for   discrepancies    of   nomen-       *  Memoirs,  XXIV,  209,  (1S90). 
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gneiss,  in  which  the  foliation  runs  nearly  east  and  west,  but  bends  round 
the  outcrops  of  the  quartzose  gneiss,  in  a  manner  suggesting  verv 
strongly  that  they  are  of  different  ages  and  that  the  latter  is  the  oldest. 
The  foliation  is  usually  coincident  with  the  banding  in  all  three  type.s,  but 
where  the  east  and  west  foliation  bends  round  the  north  add  south  foliation 
there  are  occasional  discrepancies. 

Our  next  note  upon  these  rocks  refers  to  the  south-east  Wainid,  on 
the  uplands  of  Mysore  at  the  north-west  base  of  the  Nilgiris.  In  the  little 
map  published  with  Dr.  King's  report^  on  this  ground  the  greater  part  of 
the  area  is  shown  to  be  within  the  region  of  the  steady  east  north- eaj^t 
strike  which  obtains  in  the  Nilgiris  and  along  the  south-east  edge  of  the 
Mysore  plateau,  but  towards  the  north  there  is  an  area  of  troubled  dips, 
centred  round  two  masses  of  granitoid  rock  forming  the  Mani  malai  and 
Yedakal  malai,  north  of  which  the  foliation  again  passes  into  the  normal 
north-north-west  strike  of  the  Sahy^dri.  Dr.  King  treats  these  granitic 
masses  as  doubtfully  intrusive.  This  Nflgiri  strike  is  noted  as  distinctly 
that  of  the  lamination  and  bedding  of  the  gneiss  as  well  as  of  the  folia- 
tion, the  general  dip  here  being  southerly.  Four  belts  of  gneiss  are 
recognised  in  the  south  Wainad,  the  quartzo-hornblendic  gneiss  of  the 
northern  face  of  the  Nilgiris,  and  below  (north)  of  it  the  Devala  band 
of  highly  felspathic  gneiss  with  two  minor  belts  of  chloritic  gneiss. 
North  of  this  is  the  quartzose  and  ferruginous  band  forming  the  Mar- 
pan  madi  range,  beyond  which  is  a  broad  area  of  more  varied  gneiss. 
I  he  auriferous  quartz-reefs  are  perhaps  most  developed  in  the  Devala 
hand.  Their  lie  is  peculiar,  the  strike  is  north-north-west,  corresponding 
with  that  of  the  gneiss  in  the  country  to  the  north,  and  at  right  angles  to 
that  of  the  rocks  in  which  they  occur,  yet  they  generally  have  a  low  dip 
from  lo*'  to  30**,  always  easterly.  One  small  trap  dyke  occurs  in  the 
Devala  band,  running  east  by  north,  nearly  iti  the  strike  of  the  gneiss. 

In  the  Nilgiris'  massive  (obscurely  foliated)  gneiss  prevails,  but  it 
is  of  a  very  different  type  from  the  massive  gneiss  of  the  south  Mar^thd 
country,  which  is  granitoid  and  copiously  felspathic.  It  is  in  the  very 
hornblendic  variety  of  the  gneiss,  such  as  prevails  over  the  northern 
portion  of  the  Nllgiri  plateau,  that  the  foliation  is  least  marked. 
The  rock  is  described  as  hard,  tough,  and  black,  breaking  with  an  even 
fracture  and  consisting  of  an  iptimate  mixture  of  quartz  and  horn- 
blende, with  some  garnets.  It  was  taken  by  early  observers  for  syenite 
and  greenstone.  A  similar  rock,  but  with  a  variable  proportion  of  felspar, 
is  very  common  in  the  central  parts  of  the  hills  There  are  also  several 
strong   courses    of    a   quartzj-felspatliic    gneiss,  which    has    been    taken 

» Records.  VIII.  29,  (1S75).  I  >  Memoifs,  I,  218.  (1858). 
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for  graphic  granite.^     Locally  this  gneiss  also  contains  garnets  in  great 
quantity. 

A  few  thin  dykes  of  trap  have  been  observed  in  the  Nilgiri  hills,  but 
no  granitic  veins.  Small  irregular  veins  of  white  quartz  are  common,  but 
no  reefs  have  been  observed. 

To  the  south,  as  well  as  to  the  north,  of  the  Nflgiris  the  gneiss  of  the 
low  ground  becomes  well  foliated  and  schistose.  South  of  Coimbatore 
a  band  of  limestone  has  been  observed  in  the  metamorphic  rocks.  Granit- 
ic veins  are  also  common  in  this  neighbourhood,  being  especially 
conspicuous  in  the  hill  of  Sankari  Drug,  but  no  intruded  granite  mass 
of  large  dimensions  occurs.  Mr.  H.  F.  Blanford,  from  whom  the  notes 
on  the  Nflgiris  are  taken,  describes"  a  band  of  granitic  rock  to  the 
north  of  Trichinopoli,  and  points  cut  that  this  band  is  possibly  a  con- 
tinuation of  the  very  similar  rocks  of  Coimbatore.  In  Trichinopoli,  as 
to  the  westward,  there  is  no  massive  intrusion,  but  the  whole  band 
(about  four  to  six  miles  wide)  may  be  considered  rather  as  a  network  of 
veins,  running  generally  in  the  planes  of  foliation  of  a  shattered  band 
of  highly  foliated  hornblendic  gneiss,  which  is  frequently  twisted  and 
contorted  in  every  direction.  The  veins  consist  of  a  largely  crystalline 
binary  granite,  mica  occurring  but  rarely.  The  proportions  of  quartz  and 
felspar  vary  greatly,  and  these  ingredients  sometimes  affect  the  structure 
known  as  graphic  granite.  Mica  is  altogether  a  rare  ingredient  in  the 
gneiss  of  this  region  of  the  Peninsula. 

A  considerable  area  of  the  gneissic  rocks  of  Southern  India,  from  the 
Cauvery  northwards,  has  been  mapped  in  some  detail.     The  geology  has 
been  described  by  Messrs.  King  and  Foote,  and  the  leading  features  have 
been  made  out,  or  at  least   suggested.*     The   belt   of  granitic  intrusion 
along  the  north  bank  of  the  Cauvery,  already  mentioned,  is  on  an  anticlinal 
axis.     Beds  of  variable  gneiss  and  schists,  with  some  limestone,  dip  from 
it  on  both  sides.     To  the  north  they  pass  under  the  great  mass  of   rocks 
forming  the  several  clusters  of  hills  in  the  Salem  district,  where,  as  in  the 
Nilgiris,  a  syenitoid    hornblendic   gneiss   is   very    prominent.      With    it 
are  associated  the  various  magnesian  schists  from  which  the  magnesite  of 
the  *' chalk  hills"  is  derived*  and  also  the  great  beds  of    magnetite  which 
have  made  Salem  famous  as  an  iron-producing  district.     These  are  not 
lodes,  but  regularly  bedded  masses  of  banded  iron-ore  and  quartz,  associated 
with  the  gneiss.  With  the  aid  of  the  very  conspicuous  outcrops  formed 
by  this  rock,  several  great  features  of  contortion  have  been  made  out, 
proving  the  strata  to  be  frequently  repeated  at  the  surface. 


'  Recent  unpublished  observations  by  Mr. 
Holland  indicate  the  probability  that  some  of 
these  are  intrusive. 

2  Memoirs,  IV,    30|  (1863). 

8  Men.ohs,  IV,  269,  '1864). 


^  Recent  observations,  as  yet  unpublished 
by  Mr.  Holland,  show  that  the  inagn'isite  is 
probably  derived  from  the  decomposition  of  the 
ultrabasic  intrusive  rocks  which  he  has  detected 

in  this  district. 
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A  collection  of  rock  specimens  from  the  Salem  districtj  made  by  Les- 
chenault  de  la  Tour  in  18 ig,  has  recently  been  made  the  subject  of  an 
important  study  by  M,  Lacroix,'  who  found  among  them  an  interesting 
series  of  acid  and  basic  gneisses,  scapolite  bearing  rocks,  and  mica 
schiats.  The  greater  part  of  his  results  are  of  a  lithological  and  mineral- 
ogical  nature,  too  isolated  in  their  bearing  on  Indian  geology  to  bear 
summarising  here,  and  his  suggestion,  that  the  specimens  belong  to  three 
separate  stages,  corresponding  to  those  known  as  t},  «*  and  k  of  the 
geological  map  of  France,  yet  waits  the  confirmation  of  detailed  work 
in  the  field.  The  paper  is,  however,  of  importance,  apart  from  the  valu- 
able results  it  contains^  as  showing  how  much  remains  to  be  done  in  the 
study  of  the  Indian  gneissose  rocks. 

In  South  Arcot,  to  the  east  of  the  Salem  hill-groups,  a  considerable 
area  is  occupied  by  rocks  having  a  very  granitic  aspect,  yet  showing  in 
many  places  an  appearance  of  stratification  and  occurring  in  great  con- 
tinuous ridges,  which  apparently  form  anticlinal  and  synclinal  folds.  The 
rock  IS  composed  of  quartz  and  white  and  pink  felspar.  It  frequently 
contains  blocks,  both  angular  and  rounded,  of  hornblende  schist.  Alto- 
gether, the  nature  of  this  rock  and  its  position  in  the  metamorphic  series 
are  still  open  questions. 

North  of  Trichinopoli  a  change  takes  place  in  the  direction  of  the 
strike  of  the  metamorphic  foliation  analogous  to  that  noticed  in  the 
Waindd.  The  east-north-east  direction  changes  rapidly  into  north-north- 
east, parallel  to  the  Coromandel  coast.  The  regularity  of  the  coast-line 
is  no  doubt  connected  with  this  fact,  and  it  is  interesting  to  note  how  the 
main  structural  features  of  the  fundamental  rocks  thus  determine  the 
actual  configuration  of  the  Peninsula.  All  the  fossiliferous  deposits, 
and  even  the  later  azoic  formations,  are  but  patches  on  the  weather-worn 
surface  of  this  most  ancient  gneissic  mass* 

In  the  Madura  and  Tinnevelli  districts  the  gneissose  rocks  are  of 
two  types,*  one  the  ordinary  granitoid  gneiss,  the  other  described  as 
granular  quartz  rock,  and  Mr.  Foote  believed  that  he  had  recognised  no 
less  than  six  alternations  of  these  in  the  northern  portion  of  the  Madura 
district.  Such  supposed  stratigraphical  successions,  however,  in  rocks  that 
have  been  so  highly  metamorphosed  and  disturbed  as  these,  are  open  to 
grave  elements  of  doubt.  Both  micaceous  and  hornblendic  types  of  gneiss 
are  found,  granite  intrusions  are  not  abundant,  quartz  veins  are  rare, 
and  trappean  intrusions  almost  entirely  absent.  A  few  exposures  of 
coarsely  crystalline  limestone  in  the  gneiss  are  recorded. 

'Bull.  Soc.  Frartf.  A/i«/i a/.,  XII,  83,  (1889).  |  XXIV.  iS5->66,  (1891). 
Translated    by   Mr.  F.  R.     Maliet,    Records,  \        »  R.  B.  Foote,    Memoits,  XX,  lo,  {1883). 
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A  few  words  may  here  be  said  regarding  the  distributioo  of  the  jtrap 
dykes  which  traverse  the  gneisses  of  southern  India.  They  are  extremely 
rare  in  TinnevelH  and  south  Travancore,  a»nd  very  few  are  seen  in  Madura. 
Pudukattdi,  south  Trichinopoli,  or  in  the  ban  J  penetrated  by,  granite 
veins  north  of  the  Cauvery  In  north  Trichinopoli,  Salem,  and  South  Arcot 
'  the  number  increases,  but  in  Coimbatore  they  are  not  numerous  On  the 
Nflgiris  they  are  few  and  small,  and  only  one  is  known  in  the  Wainid.  In 
iNorth  Arcot  they  are  very  numerous,  and  often  large  and  of  great  length, 
ihey  continue  to  be  numerous  in  southwest  Cuddapah  and  Analitipur, 
becoming  less  so  in  Bellary  and  Karnul.  In  Chengalpat,  Nellore,  and 
Kistna  they  are  not  common,  and  none  very  large. 

In  composition  the  trap  is  dioritic,  usually  of  medium  grain,  though 
both  very  coarse  and  very  fine-grained  varieties  are  met  with.  The  in- 
trusions are  of  very  ancient  date,  and  probably  connected  with  the  vol- 
canic outbursts  of  the  Cuddapah  system.  The  ancieiit  volcanic  neck  of 
Wajra  Karur,  a  notice  of  which  will  be  found  in  a  subsequent  chapter, 
may  be  connected  with  them. 

Turning  northwards  to  the  Aravalli  range,  we  have  very  few  observa- 
tions recorded,  regarding  the  gneissose  rocks.  In  some  exposures 
in  th^  northern  part  of  the  range  and  on  its  eastern  margin,  beds 
belonging  to  one  of  the  transition  systems  are  said  to  rest  unconformably 
on  granitoid  gneiss,*  but  in  the  central  portion  of  the  range  the  contact 
is  said  to  be  transitional  and  accompanied  by  an  interstrati(ication 
of  the  transition  beds  with  the  gneiss.  It  is  not  impossible  that  there  is 
gneiss  of  at  least  two  distinct  ages  in  the  range,  but  the  apparent  trans- 
ition is  probably  due  to  the  disturbance  the  beds  have  undergone,  and 
the  apparent  interstratification  to  veins  of  gneissose  granite  intrusive 
along  the  planes  of  bedding.  True  granite  is  known  to  occur  abundantly 
in  the  ArAxalHs. 

The  gneiss  of  Mount  Abu  and  its  neighbourhood  is  said  to  be  highly  fels- 
pathic,  massive,  and  crystalline,  but  occasionally  a  few  schistose  beds  occur. 

At  the  southern  end  of  the  range,  in  the  lower  Narbada  valley,  near 
Jobat,  well  foliated  gneisses,  with  quartz  and  hornblende  schists,  are  promi- 
nent, while  mica  schists  and  granitoid  rocks  are  rare.  Limestone  and 
slates  occur  among  the  metamorphics,  but  whether  the  association  is  real, 
or  only  due  to  the  disturbance  they  have  undergone,  is  not  clear.* 

In  extra-peninsular  India  the  gneissose  and  granitoid  rocks  occupy  a 
smaller  proportion  of  the  total  area  and,  except  in  a  small  portion  of  the 
Himalayas,  have  been  even  less  studied  than  in  the  Peninsula. 

1  C.-A    Hackett,  K(Cotds,  XIV,  27c,  (1881  ).|     «  P.  N.  Bose,  Memoirs,  XXI,  7,  (1884). 
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Of  the  gneissoise  rocks  of  Afghiinistin  we  have  very  little  in  formal  ion. 
They  are  known  to  occur  in  the  Safed  Koh  and  in  the  Hindu  Kush,  and 
probably  occupy  the  greater  part  of  Kafiristin,  up  to  the  region  of  the 
Pdmfrs. 

'  In-  the  Himalayas  the  few  observations  that  have  been  recorded  are 
often  of  a  misleading  nature,  owing  to  the  difficulty  there  often  is  in 
distinguishing  between  true  gneiss  which  has  become  so  metamorphosed 
as  to  be  passing  into  granite,  and  granite  which  has  assumed  the  foliated 
structure  characteristic  of  gneiss.  The  broad  features  of  the  distributioji 
of  the  gneissose  rocks  in  the  north-western  portion  of  the  Himalayas 
are  tolerably  known,  and  it  is  found  that  the  area  occupied  by  tliem 
not  only  corresponds  to  the  regions  of  special  geological  elevation, 
but  is  approximately  coincident  with  the  principal  ranges  of  high  peaks, 
the  coincidence  being  due  quite  as  much  to  the  comparatively  greater 
resistance  offered  to  denudation  by  the  crystalline  rocks,  as  to  the  fact 
of  these  being  areas  of  greater  special  upheaval. 

In  the  region  north-west  of  Kashmir,  where  the  Himalayas  and  Hindu 
Kush  meet,  there  is  known  to  be  a  large  extent  of  gneissose  rock ;,  associated 
with  some  schistose  slates  and  crystalline  limestones,  but  no  lithological 
details  of  importance  are  available. 

In  Kashmir  territory  the  boundaries  of  the  crystalline  rocks  have  been 
approximately  mapped,  and  the  rocks  themselves  cursorily  described  by 
Mr.  Lydekker,^  but  his  description,  being  based  on  rapid  traverses,  contains 
few  details  of  sufficient  importance  and  certainty  to  be  repeated  here,  and 
fails  moreover  in  always  distinguishing  between  the  gneissose  granite 
and  granitoid  gneiss.  Mr.  Lydekker  believed  that  the  gneissose  rocks 
were  of  two  ages, — for  the  one,  the  older,  he  retained  Dr.  Stoliczka's  name 
of  *'  central'  gneiss,  while  the  newer  gneiss  was  regarded  as  conformable 
with,  and  in  part  formed  by  the  metamorphism  of,  the  sedimentary  unfossil. 
iferous  slates,  believed  to  be  of  silurian  age,  so  largely  developed  in  the 
Himalayas.  It  is  more  than  probable  that  the  Himalayan  gneiss,  like  that 
of  the  Peninsula,  belongs  to  more  than  one  system,  and  is  not  all  of  one  age ; 
but  the  second  conclusion,  though  in  consonance  with  a  somewhat  discredit- 
ed theory  of  metamorphism,  is  open  to  doubt.  The  apparent  interstratifica- 
tion  of  gneiss  with  schistose  slates  and  limestone  appears,  in  at  least  some 
instances,  to  have  been  due  to  foliated  granite,  intruded  along  the  bedding 
planes,  and  the  apparent  complete  metamorphism  of  the  slates  into  gneiss 
is  probably  due  either  to  a  complete  obliteration  of  the  sedimentary  rocks 
by  a  gneissose  granite,  or  to  a  misinterpretation  of  the  scattered  observa- 
tions. 

'  .lfff«MV5,XXII,265,  (1883).   It  must  be  re- 1  widely  separated    traverses    of    the    country 
mcmbered  ihat  the  observations  were  made  on  '  which  has  not  yet  Ik  en  exa«7iined  in  detail. 
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It  IS  certain,  however,  that  in  Zanskar,  Rupshu,  and  the  gneissose  area 
which  extends  along  the  main  ;«xisof  the  Himilayas  north  of  Kumdun,  true 
gneiss  is  largely  developed.  In  places  this  is  well  foliated,  and  exhibits  a 
succession  of  parallel  layers,  of  differing  mineral  constitution,  which  are 
strongly  suggestive  of  an  origin  by  some  process  of  sedimentation  J  But 
often  the  gneiss  is  extremely  granitoid,  with  the  bedding  very  obscurely 
exhibited,  and  it  is  at  present  uncertain  whether  this  is  merely  the 
result  of  a  more  advanced  metamorphism  of  the  bedded  gneiss  or  indicates 
a  difference  of  age. 

No  careful  and  critical  examination  of  these  gneisses  has  been  made  as 
yet.  The  principal  minerals  are  quartz,  orthoclase,  and  mica,  in  varying 
proportions,  but  plagioclase  felspars,  schorl,  garnet,  and  kyanite  are  not 
uncommon  accessory  constituents.  In  some  of  the  beds  porphyritic  crys- 
tals of  orthoclase  are  found,  of  lenticular  shape  with  a  well  developed  crys- 
talline structure,  exhibiting  universally  a  twinning  of  the  Carlsbad  type, 
with  the  plane  of  twinning  coincident  with  that  of  the  foliation. 

The  gneiss  of  the  DArjiling  district  is  of  the  foliated  type,  apparently 
a  true  gneiss'  composed  of  translucent  colourless  quartz,  opaque  white 
felspar  and  dark  brown  and  silvery  mica,  varying  in  texture  from  fine- 
grained to  moderately  coarse.  The  gneiss  frequently  passes  into  mica 
schist  or  felspathic  mica  schist,  bands  of  quartzite  are  rare,  while  horn- 
blendic  rocks  are  extremely  uncommon  and  in  beds  of  insignificant 
thickness.  Almost  the  only  accessory  minerals  are  kyanite,  schorl,  and 
garnet,  the  two  last  often  forming  large-sized  crystals  in  the  schists. 

The  well-bedded  gneisses  seen  on  the  ascent  from  the  Sutlej  valley 
to  the  Babeh  pass,  were  originally  classed  by  Dr.  Stoliczka'  with  his 
** central*'  gneiss,  which  he  considered  as  forming  the  original  central 
axis  of  the  Himalayan  chain,  on  either  side  of  which  the  subsequent  de- 
posits were  accumulated.  The  name  has,  after  being  current  for  many 
years,  been  abandoned  of  late,  as  it  implies  a  theory  which,  to  say  the 
least,  has  not  been  proved,  and  because  a  granitoid  porphyritic  rock, 
which  was  included  with  these  bedded  gneisses  and  regarded  as  the 
typical  member  of  the  system,  has  since  been  shown  to  be  a  true  granite 
in  its  mode  of  occurrence. 

This  rock  consists  of  porphyritic  crystals  of  orthoclase  imbedded  in  a 
fine-grained  matrix  composed  of  quartz,  orthoclase,  some  plagioclase 
felspar,  and  mica,  both  biotite  and  muscovite,  as  well  as  crypto-crystalline 
mica  whose  exact  mineralogical  species  is  indeterminable,  with  magnetite, 
crarnet  and  schorl  as  accessory  minerals.*    The  larger  masses  of  this  rock 

1  It  is  now  well  established  that  the  apparent  beds  themselves  occasionally    show   palpable 

stratification    of    the    crystalline  gneisses   is  .  indications  of  their  detrital  origin. 
oftf»n   deceptive.     In  the  cases  referred  to  in       '  F.  R.  Mallet,  Afemcirs,  XI,  43,  (1874) 
.he  text  this  cannot  always  be  the  case,  for  not       *  Memoirs^  V,  15,  (1865). 
only  are  acres  of  surface  of  a  single  bed  occa-       *  C.  A.  McMahon,  Records,  X,  22  ;  XV,  34 

sioiially  exposed  on  the  Sleep  hill-sides,  but  the  XVI,  129;  XVIl,  53   168;  (1877-84). 
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exhibit  slight  traces  of  foliation,  generally  recognisable  in  the  field, 
but  barely,  if  at  all,  in  hand  specimens.  Besides  the  larger,  slightly 
foliated,  intrusions  it  is  found  in  sheets,  generally  intruded  along  the  planes 
'  of  bedding,  and  traceable  at  times  for  distances  of  20  miles  with  a  fairly 
constant  thickness  of  as  many  feet.  Under  these  circumstances,  it  has  a 
remarkable  resemblance  to  a  truly  interbedded  rock,  a  resemblance  en- 
hanced by  the  well-developed  foliation,  parallel  to  the  bounding  sur- 
faces, which  these  thin  sheets  invariably  exhibit.  But  there  is  one  con- 
stant character  which  marks  both  the  thin  sheets  and  the  larger,  less  foli- 
ated, masses  as  intrusive,  and  that  is  the  presence  of  numerous  porphyritic 
crystals  of  orthoclase,  one  and  all  twinned  on  the  Carlsbad  type,  varying  in 
size  from  half  an  inch  to  as  much  as  six  inches  across,  and  lying  with  their 
axes  pointing  in  every  direction. 

The  small  amount  of  disturbance  with  which  the  intrusion  was 
accompanied,  is  in  many  cases  remarkable.  It  is  especially  conspicuous  in 
the  case  of  the  Ch or  mountain,  which  rises  to  a  height  of  nearly  12,000 
feet,  25  miles  south-east  of  Simla.  All  round  this  mountain  the  stratified 
rocks  are  comparatively  little  disturbed,  dipping  inwards  on  all  sides, 
and  in  the  centre  of  this  quaquaversal  dip  the  granite  has  risen,  as  if 
it  had  simply  dissolved  and  absorbed  the  rocks  whose  place  it  occupies. 
There  is  some  direct  evidence  that  such  really  was  the  case,  for  in  the 
south-eastern  portion  of  the  intrusion,  where  it  has  replaced  volcanic 
beds  of  the  carbonaceous  system,  the  fine-grained  matrix  is  coloured  dark 
green  from  the  amount  of  hornblende  it  contains,  a  mineral  which  is 
usually  conspicuous  by  its  absence.  Even  the  thin  sheets  appear  to  have 
been  intruded  to  some  degree  in  the  same  manner,  for  the  further  they 
are  traced  from  their  parent  mass  the  more  micaceous,  that  is  to  say  the 
more  impure,  do  they  become,  till  the  mica  in  some  cases  becomes  so 
abundant  that  the  rock  splits  easily  into  large  flags.  This  contami- 
nation of  the  rock  only  extends  to  the  matrix,  and  the  porphyritic  ortho- 
clase crystals  are  unaffected,  showing  that  they  had  already  solidified,  and 
crystallised  out  from  the  still  fluid  or  pasty  magma,  when  the  rock  was 
intruded  into  its  present  position. 

A  similar  porphyritic  granite  is  found  in  Hazdra,  where  it  has  been 
graphically  described  by  Mr.  Wynne,^  it  occurs  in  the  core  of  a  highly 
compressed  anticlinal  fold  in  the  Pfr  PanjAI  and  Dhiola  Dhdr  ranges, 
and  extends  eastwards  along  the  ranges  bordering  the  Sutlej  valley. 
It  IS  also  found  in  the  gneissic  area  to  the  north  of  this  line,  associated 
with  the  true  gneisses  of  Zanskar  and  Rupshu,  and,  to  the  south  of  the 
main  axis  of  intrusion,  is  found  in  the  Chor  mountain  already  referred  to, 
and  in  the  Dudatoli  mountain  in  Garhwdl.  Intrusions  also  occurin  Kumdun 
which  have  not  yet  been  mapped  in  detail. 

»  /Records,  XII.  118,  (1879). 
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The  date  of  lliese  intrusions  is  still  undetermined,  and  the  evidence  is 
contradictory.  On  the  one  hand,  we  have  the  recorded  occurrence  of  blocks 
of  it  in  the  so  called  Panjdl  conglomerate  of  Kashmir/  but  on  the 
other,  the  intrusive  masses  of  the  Pir  Panjil  and  Dhaola  DhcLr  ranges  niu5-t 
have  been  in  a  plastic  condition  subsequent  to  the  period  of  deposition  of 
the  beds  in  which  these  boulders  were  imbedded.  The  probable  explana- 
tion is  that  the  boulders  were  derived  from  an  ancient  land  area,  composed 
of  a  rock  very  similar  to  the  porphyritic  granite  of  the  Dn^ola  Dhir,  and 
that  in  the  great  compression  and  disturbance  which  caused  the  elevation 
of  the  Himalayas  this  rock  was  once  more  fused  and  intruded  into  the 
position  where  it  is  now  found. 

Another  very  characteristic  intrusive  rock  of  the  Himalayas  is  a  white 
granite,  occurring  in  veins  of  various  sizes  and  degrees  of  coarseness  of 
texture.  The  granite  consists  of  quartz,  white  felspar,  which  in  at  least 
one  instance  is  oligoclase,*  and  muscovite.  Schorl  is  a  very  common  acces- 
sory constituent,  and  beryl,  fluorspar,  and  garnet  are  found.  The  rock  is  a 
very  common  and  conspicuous  one  along  the  principal  axis  of  the  Himalayas, 
occurring  in  intrusive  masses  and  innumerable  veins,  ramifying  through 
the  gneiss  and  schists,  and  even  penetrating  the  slates.  Its  intrusion 
appears  to  have  been,  generally,  of  later  date  than  the  porphyritic  granite. 

Syenite  is  largely  developed  in  the  range  north  of  the  Indus  and  west 
of  Leh,  where  it  is  unconformably  overlaid  by  the  eocene  beds  of  the 
Indus  valley.  Another  outcrop  of  syenite  is  known,  east  of  (liakr^ta.  in 
Jaunsar,  but  this  is  intrusive  in  the  slates,  and  is  very  probably  of  later 
origin  than  the  Laddkh  rock. 

From  a  geographical  point  of  view,  Assam  and  the  Shillong  plateau 
could  not  be  affiliated  to  the  Peninsula,  but,  geologically,  this  would 
appear  to  be  their  proper  connection,  since  the  prevailing  rocks  clorely 
resemble  the  gneissic  and  transition  formations  of  Bengal,  and  differ 
widely  from  the  rocks  of  the  adjoining  mountains  to  the  north  and  east. 
The  structural  characters  bear  the  same  relation  ;  on  the  edges  of  the 
Shillong  plateau  secondary  and  tertiary  strata  lie  quite  horizontally, 
while  much  younger  deposits  have  undergone  intense  disturbance  in  the 
contiguous  Himdlayan  and  Burmese  regions.  The  plateau  thus  forms  a 
wedge-like  mass  of  neutral  ground,  occupying  an  acute  angle  between 
two  regions  of  contortion. 

The  ground  to  which  these  remarks  apply  is  not  known  to  extend 
north-eastwards,  beyond  the  Dhaneswari  (Dhansiri)  river,  though  it  is  likely 
that  the  gneissic   rocks   stretch    for  some  distance  under  the  alluvium    of 

Memoirs,  XXll,  280.  (1883).  ;  first  incorrectly  ilescribed  as  albite.  See  F  R 

Memoirs,  V,  14,  (1865).    The  felspar  was  at      Maliet,  Recotds,  XIV,  238,  (1881) 
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upper  Assam.  The  principal  area  is  the  continuous  hill-mass,  250  miles 
long,  between  the  Dhaneswari  and  Brahmaputra.  The  whole  of  the  lower 
Assam  valley  may  be  included  in  the  same  geological  region,  for  the  numer- 
ous hills  protruding  through  the  alluvium,  north  of  the  Brahmaputra,  consist 
of  the  same  gneiss,  and  not  of  the  Himalayan  type  of  metamorphic  rocks. 

The  most  interesting  of  these  outcrops  in  the  low  ground  of  the  Brah- 
maputra valley  is  one  observed  by  Mr.  Mallet^  within  200  yards  of  the 
tertiary  sandstone  at  the  base  of  the  Himalayas,  on  the  left  bank  of  the 
Raidak  river,  in  the  western  Bhutan  Dw^rs.  It  is  really  within  the  sub- 
Himalayan  2one,  being  up  a  river-valley,  inside  the  mean  outer  boundary 
of  the  sandstones.  The  rock  is  thick-bedded  hornblende-schist,  a  com- 
mon type  of  rock  in  the  Bengal  gneiss,  but  one  that  is  rare  in  the  Dirjil- 
ing  gneiss  of  the  adjoining  mountains.  This  is  the  only  instance  of  close 
proximity  of  the  azoic  rocks  of  the  Peninsula  to  the  Himalayas. 

The  only  observations  hitherto  made  on  this  Assam  gneiss  prove  little 
more  than  that  it  has  a  likeness  to  the  Bengal  rock,  and  that  the  general 
strike  is  the  same.  Some  granitic  intrusions  occur  in  the  transition  rocks 
of  the  Shillong  area,  in  connection  with  which  they  will  be  noticed. 

Gneissose  rocks  are  largely  developed  in  the  hill  ranges  which  run 
southwards  from  the  eastern  termination  of  the  Himalayas,  to  the  east  of 
Burma  and  Tenasserim,  but  very  little  is  known  of  their  constitution. 
More  or  less  granitoid  gneiss,  hornblendic  gneiss,  crystalline  limestone, 
quartzite  and  schists  of  various  kinds  are  found.  In  many  places  the 
gneiss  becomes  a  true  granite,  and  much  of  the  area  is  occupied  by  a  rock 
which  has  been  described  by  various  observers  as  an  eruptive  granite. 
Some  of  the  granitoid  portions  of  the  rock  weather  into  remarkable 
r(*unded  masses  resembling  perched  blocks,  isolated  from  each  other 
Dy  the  disintegration  of  the  intervening  rock*  The  hornblendic  gneiss 
appears  to  be  less  common  than  in  the  Peninsula  of  India,  while  crystal- 
line limestone  is  not  uncommon. 

These  gneissic  formations  are  known  to  be  metalliferous  in  several 
places.  Tin  occurs  in  abundance  in  Tenasserim  and  the  Malay  Peninsula, 
lead  and  silver  mines — one  of  them  at  least,  the  famous  Bau-duen-gyee, 
of  very  large  dimensions  and  highly  productive — exist  in  the  Shan  States 
north-east  of  Ava,  while  the  valuable  and  productive  ruby  mines  of 
Mogouk  and  the  less  important  ones  nearer  the  capital,  are  situated  in  the 
same  series  of  metamorphic  rocks. 

From  the  foregoing  brief  account  of  the  present  state  of  our  knowledge 
of  the   gneissose    rocks  of  India,   some    idea  of  its  imperfection  can  be 

'  If^wiwrs  XI,  44»  (1^74);  ^  Jour,  As.    Soc    Beng.,  XXXIV,    pt.  2,  pl.tes 

*  Sket<  lies  of  these  are  gi^  en  b)  C.  Parish,    I  y|  yii    vi'.i   (i860> 
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gathered.  As  was  stated  in  the  opening  paragraph  of  this  chapter,  the 
attention  of  the  Geological  Survey  has,  with  few  exceptions,  been  only 
incidentally  devoted  to  the  gneissose  rocks,  the  exceptions  being  almost 
exclusively  surveys  made  at  an  early  date,  when  the  true  nature  and 
origin  of  these  rocks  was  far  less  understood  than  at  present.  The 
analogy  of  other  countries  makes  it  impossible  to  doubt  that  results  of 
great  importance  and  value  will  be  obtained  when  the  great  gneissose  area 
of  India  comes  to  be  examined  in  detail. 

In  the  meanwhile  there  seems  to  be  only  one  thing  certain,  that  what 
has  been  described  as  the  older  or  Bundelkhand  gneiss  had  already  solidi- 
fied, acquired  most  if  not  all  of  the  characteristics  it  now  has,  and  been 
exposed  to  extensive  denudation,  at  a  period  anterior  to  that  of  the  oldest 
of  the  distinctly  sedimentary  rocks  of  the  Peninsula.  How  far  the  banded 
gneisses  are  newer  than  this,  or  how  far  they  are  the  result  of  subsequent 
changes  of  the  older  gneiss,  it  is  at  present  impossible  to  say.  The  re- 
searches that  have  been  made  in  other  countries  renders  it  almost  certain 
that,  in  many  cases,  what  has  been  described  as  stratification  in  the  gneiss 
was  not  produced  by  any  process  analogous  to  sedimentation,  but  it  is  a 
result  of  the  deformation  and  other  changes  set  up  in  the  rock  by  pressure, 
heat,  and  the  intrusion  of  foreign  igneous  rocks.  The  recognition  of  this 
will  necessitate  a  profound  modification  of  many  of  the  passages  in  this 
chapter,  a  modification  whose  extent  and  limit  it  is  not  yet  possible  to 
indicate. 
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Bijdvvar  system — A  possibly  older  system— Transition  rocks  of  Behar— of  the  Assam 
hilU — of  sowth-west  Bengal— The  Gwalior  system — The  Ar^valli, system  The  Delhi 
sysrem^-Kirina  and  Chiniot  hilU  -  Champ^ner  beds — Malini  rocks-  Relative  ages  of  the 
Transition  systems— Transition  rocks  in  extra-peninsular  India— The  Vaikrita  system  — 
The  Dalifig  series* 

Resting  upon  the  crystalline  gneisses,  and  intervening  between  them  and 
ibe  oldest  fossiliferous  beds  of  the  Peninsula,  there  are  a  number  of  rock 
systems  whose  age  it  is  impossible  to  determine  with  certainty,  whether 
relative  to  the  European  sequence  or,  in  many  cases,  relative  to  each  other. 
This  difficulty  is  due  to  the  complete  absence  of  any  recognisable  fossil, 
an  absence  which  in  many  cases  is  easily  explicable  by  the  disturbance 
and  partial  metamorphism  the  beds  have  undergone,  but  equally  often  they 
have  undergone  little  or  no  disturbance,  and  are  apparently  admirably 
litted  for  the  preservation  of  the  remains  of  such  animals  as  may  have  lived 
when  they  were  deposited. 

Failing  fossil  evidence,  we  are  compelled  to  fall  back  on  Hthological 

characters  and  the  degree  of  disturbance  or  metamorphism  the  beds  have 

undergone,  and  on  these  grounds  they  can  be  divided  into  a  number  of 

separate  systems,  representing  different  periods,  or  at  any  rate  different 

areas,   of  deposition,   and  these  systems  can  again  be  divided  into  two 

groups,— an  older  which,  as  a  rule,  has  undergone  considerable  disturbance 

and  some  degree  of  metamorphism,  and  a   newer  which,  as  a  rule,  shows 

only  gentle  dips  and  a  much  less  degree  of  alteration  than  the  other.     The 

characters  are  by  no  means  constant;   the  Gwalior  rocks,  which  we  will 

have  to  include  among  the  older  group  of  systems,  are  almost  undisturbed, 

while  the  Cuddapahs,  w  hich  Avill  fall  among  the  newer,  are  in  places  highly 

compressed  and  contorted.     On  the  whole,  however,  the  distinction  appears 

to  be  valid,  as  it  certainly  is  convenient  for  the  purposes  of  description, 

though  it  is  impossible  to  say  how  far  the  eras  represented  by  the  two  may 

not  have  overlapped  each  other. 

The  newer  of  these  groups  of  rock  systems  we  can,  with  some  degree 
of  propriety,  class  as  older  palaeozoic,  and  for  the  elder  the  name  *  transition ' 
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has  become  customary.  This  word  is  not  intended  to  imply  any  theory 
as  to  the  mode  of  origin  of  the  deposits,  but  merely  to  indicate  their  posi* 
cion,  intermediate  between  the  older  crystalline  gneisses  and  the  newer 
sedimentary  deposits,  which  have  undergone  a  less  degree  of  disturbance 
and  metamorphism. 

The  most  recently  recognised  of  the  transition  rock  systems,  though 
probably  the  oldest  in  point  of  age,  is  that  which  has  been  described  by 
Mr.  Foote  under  the  name  of  Dh^rwdr  system.*  As  at  present  seen,  it 
occupies  a  series  of  long  bands  and  elongated  outliers  of  highly  disturbed 
beds,  folded  and  faulted  into  the  gnriss,  which  have  a  general  north-nortli7 
west  and  south-south-east  strike,  and  extend  from  the  southern  limit  of 
the  Deccan  trap  to  the  Cauvery  valley,  south  of  which  only  a  few  small 
outliers  are  known.  '1  hese  outcrops  exhibit  two  types  of  structure.  They 
are  either  a  sharply  folded  synclinal  or  series  of  synclinajs,  or  else,  show- 
ing on  one  side,  usually  the  west,  a  natural  boundary  of  original  contact, 
they  are  cut  off  on  the  other  by  a  fault  of  great  throw,  by  which  the  softer 
beds  of  the  upper  Dhdrwars  have  been  dropped  down,  and  so  preserved 
from  entire  removal. 

The  most  westerly  of  these  bands  commences  in  the  north  as  a  series  of- 
inliers  in  the  Kalidgi  basin  north-east  of  Belgium.  From  the  southern 
edge  of  this  basin  it  runs  down,  with  a  width  of  lo  to  i6  miles,  past  Dhir- 
wdr  to  the  Tungabhadra  river.  Here  it  spreads  out  and  covers  a  large  area 
in  north-western  Mysore,  sending  one  offshoot  down  to  within  40  miles  of 
the  city  of  Mysore,  while  another  may  possibly  run  southwards  from  Shimoga 
down  into  the  low  country  of  south  Kinara.  The  next  of  these  band< 
starts  at  the  southern  boundary  of  the  Kalidgi  rocks  and  runs  by  Damb.^.i 
and  Chitaldrug  to  Chiknayakanhalh.  South  of  this  the  band  bifurcates, — one 
branch  extends  to  Seringapatam,  the  other,  running  somewhat  east  of  south, 
crosses  the  Bangalore- Mysore  railway.  A  third  band  runs  along  the  north- 
east boundary  of  the  Kalddgi  rocks,  east  of  Bellary,  and  on  to  the  Penned 
river.  Between  this  and  the  last-mentioned  band  there  is  a  tract  of 
Dhirwdr  rocks  forming  the  Sandur  hills  and  copper  mountains  west  of 
Bellary.  A  fourth  band  runs  southwards  through  the  Shoripur  distiJct 
past  Maski  to  near  the  Tungabhadra. 

Besides  these  larger  bands  there  are  a  number  of  outliers,  the  mcst 
important  of  which  are  those  which  form  the  gold-rields  of  Kolir,  and  the 
three  bands,  further  east,  which  run  out  from  under  the  Cuddapahs. 

The  rocks  of  the  Dhirwir  system  are  hornblendic  and  chloritic 
schists,  phyllites  and  conglomerates,  associated  with  contemporaneous  trap, 
banded  jasper,  and  haematitic  quartzites.     The   degree  of  metamorphisnv 

^  The  princ'psl  published  descriptions  of  j  the  text  are  principally  based  on  the  unpub- 
1  he  Oh^rwiir  system  are  in  ^rcoirfs,  XXI,  4056,  lish»;d  MeiHoir  on  the  Bellary  district  by 
(1888),  and  XXII,  17-39,  (I8^9)      The  notes  in  •  Mr.  R    B.  Ko.te. 
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they  have  undergone  appears  to  vary  considerably  and  to  be  connected 
with  the  varying  and  often  extreme  degree  ol  compression  they  have 
undergone.  Generally  speaking,  the  beds  are  distinctly  schistose  and  fre- 
quently  well-characterised  schists,  but  in  places  they  are  described  as  arc 
gillites,  which  readily  weather  into  soft  shale.  The  dioritic  traps,  which  are 
usually  found  conspicuously  developed  in  the  lower  part  of  the  series,  are 
replaced  by  hornblende  schists  on  some  of  the  highly  disturbed  sections, 
and  the  pebbles  in  the  conglomerates  have  occasionally  been  deformed 
into  long  rod-like  forms. 

Conglomerates  are  of  frequent  occurrence  at  and  near  the  base  of  the 
system,  some  being  of  the  ordinary  type  of  true  conglomerate,  others  of 
that  type,  consisting  of  boulders  scattered  through  a  tine-grained  matrix, 
for  which  the  name  of  'boulder  beds'  has  been  suggested.  The  included 
pebbles  and  boulders  consist  of  various  varieties  of  schist,  quartz,  quartz* 
ite,  grit,  banded  hornstone,  and  gneiss. 

The  hsmatitic  quartzites  are  composed  of  alternating  layers  of  quartz- 
ite  and  haematite  In  proportions  varying  from  a  rich,  pure,  haematite  iron 
ore  on  the  one  band,  to  a  banded  hornstone  containing  little  or  no 
iron  on  the  other.  These  haematite  beds  are  everywhere  found  in  the 
lower  portion  of  the  system,  and  owing  to  their  hardness,  they  stand 
up  as  sharp  ridges  from  the  softer  schists,  which  have  been  denuded  away 
from  their  sides,  thus  acquiring  a  conspicuousness  quite  out  of  proportion 
to  their  real  importance.  Ihey  are  specially  abundant  in  the  Sandur  state, 
where  there  are  vast  supplies  of  a  rich,  pure,  haematite  iron  ore,  formerly 
worked  to  a  considerable  extent,  by  the  natives  of  the  country.  The 
industry  is  now  almost  extinct,  as  much  in  consequence  of  the  reckless 
destruction  of  forests  as  the  competition  of  imported  iron. 

The  Dhirwir  s}*5tem  is  economically  important  as  it  carries  all  the 

paying  gold  reefs  that  have  yet  been  discovered  in  Southern  India,  all  the 

known  gold  fields  being  on  the  Dhirwdr  outcrops,  and  all   trials  outside 

them  having  so  far  led  to  nothing  but  disappointment.     The  gold  appears 

to  be  most  abundant  in  the  outcrops  situated  in  Mysore  territory,  where 

gold-mining  has,  within    late  years,,  passed  through  the  phase  of  fierce 

speculation  into  a  well-established  and  remunerative  industry.     The  reefs 

have  been  mined  in  prehistoric  times  by  miners,  whose  workings,  in  spite 

of  their  primitive  appliances,  penetrated  to  depths  of  over  200  feet  in 

places  and,  besides  the  abundant   mines,   old   dressing  floors  can   still 

be  found,  with  the  mortars  in  which  the  quartz  was  crushed,  generally 

small  hollows  in  which  the  quartz  was  pounded,  but  occasionally  large 

saucer  shaped  depressions  in  which  huge  blocks  of  granitoid  gneiss  of  a 

ton  and  more  in  weight  were  rolled  round  and  round. 

The  relation  of  the  Dbirwdr  system  to  the  granitoid  gneiss  is  one  of 
most  unequivocal  unconformity.    Wherever  a  section  showing  the  original 
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contact  is  found,  the  bottom  beds  of  the  Dh4rw4rs  are  found  to  rest  on  an 
uneven  eroded  surface  of  the  granitoid  gneiss.  Yet  gneissoid  beds  are 
occasionally  found  in  the  Dhdrw^rs  and  asection,  east  of  Memkal  in  Bellary, 
is  recorded,  where  several  alternations  of  micaceous  gneiss  with  quartzites 
and  hornblende  schists  are  seen.  The  section  is,  however,  exceptional,  the 
gneiss  is  described  as  differing  more  from  the  typical  granitoid  than  from 
the  Dhdrw^r  schists  with  which  it  is  stratigraphically  connected,  and  it  is 
possible  that  the  interbedded  gneiss  may  be  metamorphosed  arkose.  There 
is  of  course  the  alternative  interpretation  that  the  Dhdrwdrs  are  here 
locally  in  contact  with  a  gneiss  newer  than  that  to  which  they  are  so  dis- 
tinctly unconformable. 

In  a  northerly  direction  the  Dhirwdr  beds  of  the  central  and  western 
bands  run  under  the  great  spread  of  Deccan  trap,  but  not  before  their 
upturned  and  denuded  edges  have  been  seen  to  be  unconformably  covered 
by  the  Cuddapah  beds  of  the  Kalddgi  area,  and  to  the  south-east  a  similar 
relation  subsists  between  the  Dh4rw4rs  and  the  typical  Cuddapahs  of  the 
Cuddapah  area.  The  Dhirw^r  system  is  thus  completely  isolated,  both 
geologically  and  geographically.  The  unconformable  breaks  above  and 
below  are  so  great  that  they  indicate  nothing  more  than  the  necessity  for 
an  utter  separation  of  the  system  from  any  other  occurring  in  its  neigh- 
bourhood, while  the  distance  which  separates  it  from  the  north  of  the 
peninsular  area  is  too  great  to  allow  of  its  identification  on  mere  litho- 
logical  grounds  with  any  of  the  transition  systems  there  seen.  Yet  these 
are  the  only  ones  on  which  we  can  venture  even  a  guess  at  its  correlation 
and,  so  far  as  they  go,  the  resemblance  is  greatest  in  the  case  of  the 
Gwalior  system  ;  contemporaneous  dioritic  traps  occur  in  both,  while  the 
naematitic  quartzites  of  the  Dhirwirs  resemble  the  haematite  beds  of  the 
Gwaliors  and  not  those  of  the  Bij^wars  in  their  structure.  On  the  other 
hand,  the  small  amount  of  metamorphism  or  disturbance  which  the  Gwaliors 
have  undergone  sharply  distinguishes  them,  and  it  is  probable  that  both 
they  and  the  BijcLwars  are  newer  than  the  Dhdrwdrs  of  Southern  India. 

There  can  be  little  doubt  that,  when  the  gneissic  area  of  the  Madras 
presidency  is  more  fully  surveyed,  other  outcrops  of  Dhirwdr  rocks  will  be 
discovered.  At  present  one,  at  least,  can  be  indicated  in  the  NelloreCar- 
natic,  where  a  distinct  band  of  more  eminently  schistose  rock^  is  said  to 
occupy  the  western  edge  of  the  field,  the  schists  being  talcose^  mica- 
ceous and  chloritic,  with  frequent  intercalations  of  hornblendic  bands. 
Interbedded  quartzites  are  common,  and  a  laminated  haematitic  quartz 
schist  occurs  south  of  the  Swarnamuklii.  Associated  with  these  more  foli- 
ated rocks  there  is  a  development  of  trap,  both  as  dykes  and  as  a  large 
irregular  mass  of  diorite  and  greenstone,  which  was  regarded  as  intrusive 
on  the  whole,  but  in  certain  cases*  distinctly  stated  to  be  interbedded.   This 

I  Memoirr,  XVI,  133,  (*S8o).  |      «  Mfff:oits,  XVI,  150,  168,  (1880). 
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association  of  rocks  is  strongly  suggestive  of  the  presence  of  an  outcrop 
of  the  Dh^rw^r  system,  which  had  not  been  separated  from  the  crys- 
t^illines  at  the  time  the  survey  was  made. 

A  good  deal  of  doubt  attaches  to  the  mapping  of  this  area  owing  to 
the  occurrence  of  what  appear  to  be  outliers  of  true  Cuddapah  quarteites, 
and  the  difficulty  of  distinguishing  between  the  less  altered  and  disturbed 
Dhdrwir  quartsites  and  those  of  the  Cuddapah  system,  where  they  have 
undergone  much  disturbance  and  alteration.  Between  the  Penner  and  the 
Swarnamukhi,  the  narrow  strips  of  quartzite  appear  all  to  be  associated  with 
contemporaneous  traps  and  schists,  and  are  probatly  Dhdrwirs.  North  of 
the  Penner  there  seems  good  reason  for  supposing  that  they  are  Cuddapahs. 


Turning  now  to  the  northern  part  of  the  Peninsula,  we  find  a  great 
system  of  transition  rocks,  which  has  been  distinguished  under  the  name  of 
Bijdwar,  from  the  town  of  that  name  in  Bundelkhand.  By  far  the  greater 
part  of  the  area,  over  which  these  rocks  originally  extended,  is  now  covered 
up  by  the  newer  Vindhyans  and  Deccan  trap  and  they  are  only  exposed  in 
a  series  of  outcrops,  of  varying  size,  which  extend  from  Bundelkhand  to 
south  of  the  Narbadci,  a  distance  of  about  loo  miles  from  north-north-west 
tosouth^south-east,  and  from  Jobat  to  the  upper  Son  valley,  some  500  milei 
from  west-south-west  to  east-north-east. 

The  commonest  bottom-rock  of  the  Bijiwar  system  in  Bundelkhand, 
is  a  quartzite*  that  might  locally  be  called  a  sandstone.  It  is  generally  fine- 
grained, but  sometimes,  at  the  base,  coarse  and  conglomeratic  from  con- 
taining pebbles  of  white  quartz.  It  rests  quite  horizontally,  or  with  a 
slight  dip,  upon  a  denuded  surface  of  the  gneiss,  even  in  that  most  western 
part  of  the  area,  where  the  uppermost  portion  of  the  Bundelkhand 
gneissic  series  is  supposed  to  be  found*' 

With  this  quartzite  a  hornstone-breccia  and  a  limestone  are  intimately 
associated.  They  sometimes  replace  the  quartzite  as  the  bottom  rock,  or 
else  are  interstratified  with  or  overlie  it.  The  hornstone  is  compact 
quartz,  more  or  less  transparent  or  opaque,  of  yellow,  biown,  and  red 
tints,  the  angular  fragments  included  in  it  being  generally  of  white 
quartz,  and  always  paler  than  the  matrix,  in  some  cases,  if  not  in  all, 
they  are  clearly  not  the  result  of  fracture  caused  by  contortion,  for  the 
breccia  mostly  lies  quite  flat  upon  a  firm  support.  Occasionally  the 
former  continuity  of  the  detached  pieces  is  evident,  the  mass  looking  as 
if  thin  bands  of  quartz  had  been  shattered  by  concussion  or  shrinkage, 
then  re-cemented  in  place,  and  the  interstices  filled  by  a  more  jaspideous 
form  of  quartz.  The  limestone,  too,  is  highly  silicious,  the  quartz  appear* 
iiig  both  as  thin  layers  and  as  shapeless,  irregular  segregations  of  chert. 

>  Mtmoirs,  U,  1 1,  (i860).  |      *  Supra,  p  27. 
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These  bottom  rocks  of  the  Bijawar  system  in  Bijiwar  are  very  irre- 
gular in  their  distribution.  In  some  sections  there  is  no  quartzite,  in  others 
no  hornstone-breccia  or  limestone.  The  total  thickness  nowhere  exceeds 
200  feet.  This  unevenness  of  the  basement-bed  tends  to  suggest  the  un- 
conformity of  the  succeeding  deposits,  but  no  confirmation  has  been  found 
of  this  suggestion,  on  the  contrary,  sub-schistose  shales,  like  those  of  the 
upper  part  of  the  system,  are  sparingly  intercalated  with  the  limestone  and 
quartzite. 

More  or  le.^s  earthy  ferruginous  sandstone,  locally  somewhat  congk>« 
meratic,  is  the  prevailing  upper  rock,  and  is  associated  with  incipient ly 
schistose  rusty  shales.  The  iron  in  these  rocks  is  locally  concentrated  into 
a  rich  haematite  which  has  been  extensively  worked.  Several  thick,  but 
discontinuous,  beds  of  dioritic  trap  occur  in  the  bottom  part  of  the 
group. 

The  whole  Bijiwar  system  in  the  typical  Bijiwar  area  is  probably 
not  more  than  800  feet  thick.  The  strata  generally  either  have  a  very  low 
south-easterly  dip,  or  are  quite  horizontal,  but  in  a  few  places  to  the  south, 
before  they  become  covered  up,  they  are  seen  to  have  undergone  a  consid- 
erable amount  of  crushing,  which  has  not  in  the  least  affected  the  lower 
Vindhyan  rocks  immediately  overlying.  The  general  immunity  from  dis- 
turbance in  this  small  area  may  be  due  to  the  original  shallowness  of  the 
deposits  here,  where  they  thinned  out  over  the  mass  of  gneiss,  which 
afforded  an  unyielding  support  against  compression.  It  is  probable  that  the 
transition  basin  deepens  rapidly  to  the  southward,  beneath  the  Vindhyan 
rocks,  and  that  the  complete  unconformity  between  the  Bijiwars  and 
the  lower  Vindhyans,  as  observed  in  the  Son  valley,  rapidly  replaces  the 
general  parallelism  of  stratification  that  obtains  in  the  Bijiwar  area.  East 
of  the  Ken  the  Bijiwar  rocks  soon  disappear,  being  totally  cut  out  by 
the  Vindhyans  overlapping  on  to  the  old  gneiss.  From  a  little  west  of 
AUahib^d  all  the  lower  azoic  rocks  are  concealed  by  the  Gangetic  allu- 
vium, which  stretches  up  to  the  base  of  the  Vindhyan  scarp. 

At  the  Ken  the  character  of  the  bottom  Bijiwar  rocks  changes  rapidly, 
the  strong  quartzite  thins  out  suddenly,  and  a  prominent  rock,  on  the 
continuation  of  its  strike,  is  a  peculiar,  sharply  cellular  quartzite,  much 
quarried  for  quernstones,  but  the  beds  associated  with  this  quartzite 
are  sandstones  and  shales  like  those  of  the  upper  part  of  the  series.  In 
the  river,  and  certainly  below  the  horizon  of  the  bottom  quartzite  of  the 
Bijawars  west  of  the  Ken,  there  are  two  or  more  steady  outcrops  of  pebbly 
sandstones,  having  the  same  low  south-easterly  dip  as  the  adjoining  Bija- 
war strata,  but  occurring  in  the  midst  of  thick  pseudo-crystalline  gneissic 
rocks.  It  is  important  to  notice  these  observations  with  a  view  to  their  veri- 
lication  or  correction,  for  these  sandstones  seem  to  have  escaped  the  notice 
of  the  later  observers,  and  they  are  important  as  iixing  the  allinities  of  the 
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associated  gneissic  strata  with  the  transition  series  rather  than  with  the 
normal  gneiss  of  Bundelkhand.  Very  similar  rocks  are  found  far  to  the  east 
in  an  analogous  position  at  the  base  of  the  transition  series  in  Behar^  and 
again  extensively  in  the  Arivalli  region,  and  the  question  arises  as  to 
whether  we  must  not  reci^nise  in  the  great  gneissic  series  some  rocks  that 
are  not  metamorphic  in  the  full  sense  of  the  word,  but  are  merely  recon- 
solidated  granitic  or  gneissic  detritus. 

Proceeding  from  Bijiwar  in  a  south-west  direction  obliquely  across 
the  plateau,  where  the  Vindhyans  are  for  the  most  part  covered  by  the 
Deccan  trap,  we  should  strike  the  NarbadcL  about  Handii,  at  the  west  end 
of  the  wide  alluvial  plain,  200  miles  long,  which,  in  India,  is  specially  desig- 
nated as  the  Narbadd  valley.  West  of  Handicl  there  is  a  considerable 
area  occupied  by  transition  and  gneissic  rocks.  They  abut  on  the  west 
against  the  Vindhyan  rocks  of  the  Dhdr  forest  area,  but  appear  again  in 
the  north  of  this  area,  and  west  of  it  about  Birwai.  These  transition 
strata  have  been  fully  recognised  by  Mr.  Mallet,*  as  bottom  Bijd wars,  con- 
sisting of  quartzite  hornstone-breccia  and  chert-banded  limestone,  identical 
with  those  of  Bundelkhand.     No  associated  trap  rock  was  observed. 

These  rocks  are  more  disturbed  here  than  in  Bijdwar,  but  Mr.  Mallet 
describes  their  relation  to  the  gneiss  as  the  same,  the  quartzite  being 
often  found  quite  flat  and  surrounded  by  vertical  strata  of  the  metamor- 
phics.  It  is  only  possible  to  question  this  view  by  supposing  that  what 
we  take  to  be  stratification  in  the  metamorphics  is  a  result  of  molecular 
forces  acting  on  lines  of  cleavage.  This  possibility  has  been  forcibly 
arcrued  with  reference  to  this  very  area,  and  is  connected  with  the  sugges- 
tion that  the  two  series  may  be  very  closely  allied,  the  gneiss  being  more 
or  less  a  metamorphic  condition  of  the  Bijdwars. 

Upon  the  settlement  of  this  question  as  to  the  relations  between  the 
metamorphic  and  transition  series,  it  will  depend  whether  the  gneiss  of 
the  Dhir  forest  should  be  affiliated  to  that  of  Bundelkhand,  or  to  the  sup- 
posed younger  gneiss  of  Bengal.  The  composition  of  the  Dhdr  forest 
gneiss  is  in  favour  of  the  former,  as  well  as  the  relation  stated  to  subsist 
between  it  and  the  Bijawars. 

Here,  as  so  often  elsewhere,  a  doubt  occurs  as  to  the  intrusive  charac- 
ter of  the  more  granitoid  varieties  of  the  gneiss.  Some  hornblendic  and 
earthy  schists  of  this  area,  as  above  Mortaka  where  the  Indore  railway 
crosses  the  Narbadd,  have  been  included  with  the  gneiss,  but  it  may  be 
questioned  if  they  do  not  belong  to  a  transition  group  older   than   the 

Bijiwars. 

In  the  lower  Narbadd  valley  the  Bijiwar  formation  has  been  recognised* 

»  Memchs,  VI,  199,  (1869).  «  Memoirs,  VI,  200,  (1869);  XXI,  14,  (1884). 
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specifically   idenlical  with  the  beds  in  the  Dh^  forest,  near  Bdgh  and 
jobat,  the  two  localities  being  separated  by  80  miles  of  Deccan  trap- 
All  the  most  characteristic  rocks  of  the  formation  are  well  represented 
at  Bagh,'— quartzite,  hornstone,  breccia,  and  cherty  limestone, — and  here 
again  interbedded  trap  occurs,  though  not  found  in  the  Dhdr  forest  area. 
Clay-slate,  too,  is  more  prominent,  and  sometimes  becomes  conglomeratic 
through  the  presence  of  pebbles,  which  are  more  or  less  drawn  out  in  the 
direction    of  the  cleavage  planes.      The  town  of  B^gh    stands  near   the 
south  boundary  of  the  small  triangular  area  of  Bijiwars,  where  it  is  covered 
by  cretaceous  rocks,  the  other  two  boundaries,  with   the  gneissic  rocks, 
being  faulted.     The  area  only  extends  7   miles  to  the  north-norih-west, 
and  5  miles  to   the  ea<t  of  Bagh.     The  rocks  are  highly  disturbed  and 
cleaved,  but  the  metamorphism  is  local  and  moderate. 

Jobat  is  about  15  miles  west-north  west  of  Bigh,  and  stands  at  tlie 
southern  point  of  another  small  patch  of  transition  strata.  The  conditions 
are  peculiar  and  puzzling.  The  only  recognisable  Bijiwar  rock  is  a  very 
typical  one,  a  locally  brecciated,  ferruginous  jasper,  with  veins  of  horn- 
sione.  It  lies  almost  horizontally,  forming  a  low  scarped  plateau.  Along 
the  north  east  border,  south  of  Anthi,  black  and  grey  schistose  slates  ap- 
pear between  the  jasper  and  the  metamorphics,  the  foliation  and  apparent 
bedding  in  the  schistose  slates  and  gneiss  being  parallel,  with  a  high  dip 
to  the  south-west.  Both  rocks  are  highly  charged  with  vein-quartz,  sug- 
gesting local  crushing  or  faulting. 

1  hese  disturbed  rocks  were  originally  regarded  as  Bijawarsand  classed 
with  the  horizontal  jasper  beds.  Mr.  Bose  has,  however,  described  patches 
of  slates,  quartzites,  and  limestones,  which  are  said  to  pass  insensibly  into 
the  metamorphics,  but  are  quite  distinct  from  the  horizontal  jasper  rock.* 
Ill  this  case  the  latter  alone  can  be  regarded  as  Bijclwar,  and  this  appears 
to  be  the  more  probable  interpretation. 

Proceeding  eastwards  up  the  Narbadi  valley  Iron;  Handii,  no  rocks  are 
exposed  under  the  Vindhyan  scarp,  on  the  northern  side  for  a  distance  of 
120  miles  to  where  the  Bijivvars  form  low  hills  in  the  Narsinghpur  district. 
The  cherty  limestone  and  breccia  are  the  only  beds  seen  here,  but  this 
may  be  because  the  lower  rocks  are  covered  by  alluvium^  The  gneiss 
does  not  appear  again  on  this  side  of  the  valley. 

Along  the  south  side  of  the  river,  on  the  edge  of  the  GondwSna  forma- 
tions of  the  Sitpura  hills,  there  are  more  frequent  outcrops  of  the  trans- 
ition rocks.  The  most  westerly  are  near  the  Moran  river,  about  30  miles 
east  of  Ilardi,  where  some  narrow  ribs  of  the  cherty  limestone  protrude 
through  the  Deccan  trap,  which  covers  all  the  rocks  to  the  west  of  this 
point.     On  this  south  side  of  the   valley,  the  cherty  limestone,  generally 

>  yemoirt,  VI,  303.  ("869).  |    ^  Memoirs,  XXI,  13    (1884), 
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much  contorted  and  brecciated,  is  also  the  rock  most  frequently  seen,  but 
other  beds  do  occur,  as  in  the  Biri  hill  15  miles  east  of  Sohigpur,  where 
a  considerable  thickness  of  trappoid  and  earthy  rocks  is  exposed,  the  latter 
being  so  little  altered  as  to  be  easily  mistaken  for  the  Talchir  shales  of  the 
contiguous  Gondwina  area.  In  many  places  on  this  south  side  of  the 
valley  gneissic  rocks  of  doubtful  character  occur  close  to  the  Bijiwars, 
and  the  relation  between  the  two  series  is  certainly  not  simple  superposi- 
tion, both  being  found  at  the  same  level  in  closely  adjoining  positions. 

At  the  head  of  the  Narbadi  valley  in  the  north  of  the  Jabalpur  district, 
there  is  a  continuous  exposure  of  Bijiwar  rocks  between  the  Viiidhyan 
and  GondwAna  areas.  All  the  leading  characters  of  the  system  already 
noticed  are  represented  here,  with  a  greater  development  of  the  argillace- 
ous element.  Fine  earthy  slates  of  reddish  tints  are  the  lowest  strata  seen. 
Their  upper  beds  are  associated  with  the  quartzite,  which  underlies  the 
limestone  and  is  intercalated  with  it,  and  the  limestone  itself  is  not  so 
constantly  cherty  as  has  been  described  elsewhere.  Ribboned  jasper 
beds,  passing  locally  into  bluish  quartzite,  among  which  rich  haematite 
beds  are  well  developed  above  the  limestone,  and  both  jasper  and  quartz- 
ite are  frequently  brecciated.  Locally  conglomeratic,  earthy  schists  are 
also  freely  associated  with  this  band. 

Above  the  iron  band  there  is  again  a  considerable  thickness  of  earthy 
schists.     Bedded  trap  occurs  throughout  the  series. 

These  rocks  are  not  on  the  whole  greatly  disturbed.  Low  undulatinp;' 
dips  prevail,  although  locally  there  is  much  contortion.  The  highly  inclined 
planes,  so  general  in  the  schists,  are  of  cleavage,  not  stratification.  The 
thickness  of  the  whole  series  exposed  cannot  be  great,  probably  it  is  under 
1,200  feet,  and  there  is  scarcely  any  presumption  that  the  conformable 
slates  beneath  the  limestone  attain  any  great  thickness. 

Notwithstanding  these  conditions  the  rocks  are  in  an  advanced  state  of 
metamorphism.  The  limestone  is  jjenerally  crystalline.  The  schists  are 
often  highly  micaceous,  hornblendic,  and  garnetiferous,  and  the  iron-ore  is 
mostly  the  micaceous  form  of  haematite.  The  section  in  the  Narbada.  at  the 
well  known  marble  rocks,  10  miles  south-west  of  Jabalpur,  exhibits  the 
high  degree  of  alteration  and  local  disturbance  to  which  the  Bijawars  have 
been  subjected  in  this  region. 

Immediately  to  the  east  of  the  flat  watershed  between  the  Son  and  the 
Narbadi  the  band  of  transition  rocks  is  entirely  concealed  by  an  extensive 
spread  of  laterite  and  alluvium,  and  beyond  this  we  get  into  the  region 
of  the  lower  Vindhyans,  which  stretch  to  the  south  of  the  scarp  of  ihe 
upper  Vindhyan  plateau  until  they  nearly  come  into  contact  with  the  Gond- 
wdna  deposits.  After  crossing  the  Son,  however,  the  band  of  transitiou 
rocks  again  expands  gradually  to  a  width  of  25  miles  in  the  south  of  the 


56  GEOLOGY   OF   INDIA— TRANSITION  SYSTEMS.        [Chap.  HI. 

Mirzlpjr  district,  and  it  is  here  we  encounter  the  question  whether  one  or 
two  formations  occur  within  this  basin  of  transition  rocks. 

The  noithem  half  (about  10  miles  wide)  of  the  transition  band,  at  a 
little  west  of  the  Rer  river,  b  formed  of  regular  Bijiwar  rocks,  such  as 
we  have  hitherto  seen  them^-quaftzitesy  bomstoDes,  banded  jasper  and 
haematite^  limestones  and  slates  or  schists,  with  an  abundance  of  intercalated 
trap.  The  whole  band  strikes  against,  and  under,  the  lower  Vindhjran 
strata,  where  the  Son  takes  a  southerly  bend  opposite  Agori.  The  south« 
ern  half  of  the  transition  band,  15  miles  wide,  as  exposed  in  the  Rer, 
b  endrelj  composed  of  fine  slates,  with  intrusive  trap  only,  the  dykes 
being  mostly  transverse  to  the  bedding.  Both  groups  are  so  intensely 
crushed  together  that  no  decisive  section  of  the  junction  has  been  found 
in  the  low  jungle-covered  hills.  Mr.  Mallet  mentions  an  instance  at  Ubra, 
at  the  north  end  of  the  section  in  the  Rer,  where  a  qnartzite  of  the 
northern  set  seems  to  cap  a  ridge  of  the  slates,  but  the  case  is  not  clear 
and  the  question  of  the  relation  is  quite  open,  except  that  it  certainly  is 
not  one  of  horizontal  transition,  as  the  two  contrasting  deposits  are  in  full 
force  and  character  in  close  juxtaposition  to  each  other. 

The  western  extension  of  the  section  into  the  Rewi  country  has 
been  but  imperfectly  examined.  The  slates  have  already  disappeared  at 
the  Gopat,  and  the  northern  band  of  true  Bijiwars  is  in  contact  with  the 
gneiss.  In  this  region,  where  the  Son  takes  a  bend  into  the  area  of 
the  transition  rocks,  there  is  a  good  instance  of  local  metamorphism, 
the  transition  rocks  along  the  lower  Vindhyan  boundary,  distinctly  re- 
cognisable as  Bijiwars  throughout  the  whole  length  between  the  Gopat 
and  the  Son  at  Marai,  being  in  a  gneissose  condition  and  intrusive  granitic 
rocks  occur  in  them.  The  character  of  the  contact  of  these  beds  with  the 
main  gneiss  to  the  south  is,  however,  of  the  kind  described  by  Mr.  Hacket 
north  of  Jabalpur,  abrupt  rather  than  transitional,  but  it  is  certain  that  they 
themselves  are  locally  gneissic,  and  have  been  effected  by  granitic  intrusions. 

If  it  were  certain  that  this  character  of  the  contact  of  the  Bijiwars 
with  the  southern  gneiss  is  constant  and  not  due  to  faulting,  and  also 
that  the  gneiss  of  the  Rer  and  the  Gopat  are  the  same,  we  could  at  once 
affirm  the  distinctness  of  two  transition  systems  in  this  ground,  for  the  junc- 
tion of  the  slates  of  the  southern  band  with  the  main  gneiss  is  perfectly 
transitional — a  gradual  alternating  passage  from  the  strong  gneiss,  through 
gneissose  and  other  crystalline  schists,  into  the  fine  clay-slate,  as  is  well 
seen  in  the  section  in  the  Rer.  But  while  doubts  exist  upon  these  two 
conditions,  it  must  remain  possible  that  these  slates  of  the  Rer  are  only 
a  bottom  member  of  the  Bijclwar  system. 

East  of  the  Rer  and  the  Kanhar  several  large  inliers  of  gneiss  and  of 
granitoid  rocks,  of  more  or  less  intrusive  character,  occur  within  the  slate 
area,  and  gneiss  is  the  only  rock  seen  below  the   Vindhyans  at  the  Koel. 
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This  encroachment  of  the  crystallines  upon  the  zone  of  the  transition 
rocks  is  extended  in  Behar^  where,  for  some  miles  north  of  the  Grand  Trunk 
Road  west  of  Gay^,  gneiss  reaches  quite  across  the  strike  of  the  slates. 
Several  hilk  isolated  on  the  alluvial  plains  in  this  neighbourhood  are  of 
thorough  granite. 


Immediately  east  of  Gay^,  transition  rocks  appear  again  on  the  pro- 
longation of  those  in  the  Son  valley,  and  having  the  same  strike.     They 
form  several  groups  of  hills  in  east  Behar,  known  as  the  Maher,  Kij^griha 
(Rajgir),  Shaikhpura,    Kharakpur,  and  Gfdhaur  bills,  which  stand  clear 
of  the  main  gneissic  area  and  more  or  less  isolated  in  the  alluvial  plains, 
and  those  of  Mahibar  and  Bhiaura  on  the  northern  margin  of  the  gneissic 
upland.    The  aspect  of  all  these  hills  at  once  shows  that  they  must  be 
formed  of  very  different  rocks  from  the  Bijiwars  of  the  west,  and  sug- 
gests also  that  all  these   Behar  rocks  belong  to    one   system.      They 
generally  present  scarped  faces  formed  of  massive  quartzites  on  every 
•side,  the  associated  schists  or  slates  appearing  obscurely  in  the  valleys. 
All  the  peculiar  Bijiwar  rocks  are  wanting.   There  is  no  limestone,  horn- 
stone,  jaspideous  ironstone,  or  bedded  trap.     The  only  similar  rocks  in  the 
west  are  the  slates  of  the   Rer  section,  and  there  the  quartzites,  which 
form  such  a  prominent  part  of  the  transition  series  of  Behar,  are  absent. 

We  have  a  somewhat  detailed  description  of  the  Mahibar  and  Bhiaura 
hills  by  Mr.  Mallet,'  and  the  relation  of  the  gneiss  and  transition  rock*series 
is  shown  to  be  very  peculiar.  The  transition  series  here  consists  of  three 
divisions,  an  upper,  composed  exclusively  of  strong  quartzites  as  seen  in 
Mahibar  hill,  a  thick  middle  band,  in  which  fine  mica-schists  largely  pre- 
dominate and  a  basal  member,  in  which  quartzites  again  occur,  sometimes 
in  great  force,  as  in  the  Bhiaura  ridge,  though  they  may  be  altogether 
wanting  at  no  great  distance.  The  frequent  presence  of  these  quartzites 
here  is  of  great  service,  by  removing  the  doubts  that  so  often  arise,  as  to 
whether  planes  of  lamination  in  schistose  rocks^  of  uniform  composition, 
are  due  to  bedding  or  to  cleavage. 

It  would  be  difficult  to  draw  a  more  irregularly  intricate  line  than  the 
transition  and  gneiss  boundary  on  Mr.  Mallet's  map.  Near  the  Bhiaura 
and  Mahibar  ridges  there  is  some  approach  to  an  average  east  and 
west  strike  of  the  boundary,  but,  as  the  plane  of  junction  between  the  two 
series  rises  to  the  south,  its  line  of  outcrop  meanders  about  in  the  most 
devious  manner.  This  is  not  due,  as  might  easily  occur,  to  the  irregular 
denudation  of  two  deposits  in  flat  parallel  superposition.  Here,  as  a  rule, 
the  lower  (older)  rock  forms  the  prominences,  between  which  the  schists 
are  deeply  buried,    yet  the  bedding  in   both   rocks   is   found   to  follow 

'  An  abstract  of  it  is  published  in  Records,  VII,  36,  (1874). 
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the  intricate  twistings  thus  produced,  the  actual  junction  being  generally 
inclined  at  a  high  angle. 

The  boundary  can  always  be  fixc^l  with  precision,  even  in  the  absence 
of  the  bottom  or  Bhiaura  quartzites,  on  account  of  the  strong  contrast  be- 
tween the  fine  mica-schists  and  the  coarse  gneiss,  yet  the  transition  rock 
seems  to  have  fully  partaken  in  the  metamorphic  action,  for  it  is  a  tho- 
roughly crystalline,  garnetiferous  mica-schist  up  to  the  base  of  the  Mahibar 
quartzites.  Variations  are  found  in  the  gneissic  series  at  the  contact. 
On  the  north  side  of  the  Bhiaura  ridge  the  bottom  quartzites  lie  steeply 
against  the  dome-gneiss,  elsewhere  schistose  gneiss  occurs  at  the  boundary. 
The  dykes  and  massive  outbursts  of  pegmatitic  granite  of  this  region  are 
principally  exhibited  in  the  transition  series. 

A  very  close  connection  is  thus  established  in  this  position,  by  conform- 
ity of  stratification  and  by  a  common  metamorphism,  between  the  transition 
rocks  of  Behar  and  the  gneiss  in  contact  with  them,  and  it  is  probable  that 
a  large  part  of  the  gneiss  of  Bengal  is  of  the  same  age  as  that  at  the 
boundary  of  the  transition  series.  There  is,  for  instance,  a  very  distinct 
outlier  of  the  Mahibar  schists  and  Bhiaura  quartzites  on  the  plateau  just 
north  of  the  Grand  Trunk  Road  at  Barhf^  30  miles  to  the  south  of  the 
boundary  in  Behar. 

There  can  scarcely  be  a  doubt  that  the  rocks  of  the  Rijigriha  and  other 
detached  hills  of  Behar  are  of  the  same  formation  as  those  of  Mahabar, 
and  so  the  contrast  of  their  mineral  condition  is  interesting.  The  latter 
have  undergone  general  crystalline  metamorphism,  the  former  have  only 
very  locally  suffered  this  change,  being  for  the  most  part  still  in  slaty  con- 
dition. Yet  it  would  seem  that  they  too  are  closely  surrounded  by  crys- 
talline rocks,  for  whenever  rock  is  exposed,  through  the  alluvium  near 
these  hills,  it  proves  to  be  granite.  At  one  spot  near  Ghansura,  on  the 
north  side  of  the  Rijagriha  range,  there  is  a  contact  showing  distinct  in- 
trusion of  granite  into  the  soft  earthy  schists.  It  is  an  ordinary  ternary 
granite,  not  like  the  pegmatitic  granite  of  the  Mahibar  region.  In  the 
immediate  neighbourhood  of  Gayi  many  forms  of  special  metamorphism 
and  of  contact-action  are  well  exhibited. 

The  amount  of  disturbance  is  rather  greater  in  the  detached  hills, 
where  the  rocks  are  less  metamorphic  than  in  the  Mahibar  region,  and 
the  very  peculiar  confused  form  of  contortion,  noticed  in  the  surface 
of  junction  where  the  transition  rocks  rise  against  the  gneiss  to  the  south, 
is  well  exhibited  throughout  the  formation,  but  in  larger  proportions 
in  the  top  beds  of  the  series.  The  Mahdbar  ridge  itself  is  a  typical  instance 
of  this  structure.  It  is  a  long,  narrow,  synclinal  ellipse,  the  quartzites  dipping 
at  a  high  angle  all  round,  towards  the  centre,  and  curving  continuously  at 
each  end  of  the  axis.  The  Rijdgriha  range  contains  a  pair  of  such  ellipses 
compressed  together,  the  quartzites  being  for  the  most  part  quite   vertical 
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along  the  sides.  The  Kharakpur  hills,  which  form  the  largest  of  these 
groups,  are  a  congeries  of  these  discontinuous  flexures,  little  or  no  regu- 
larity being  observed  in  the  direction  of  the  axes  of  contortion. 

We  have  still  to  notice  the  rock  underlying  the  quartzite  in  the  small 
ridge  of  Shaikhpura,  and  in  the  little  hills  a  few  miles  to  the  east  at 
Luckeeserai,  the  junction  station  for  the  chord  and  loop  lines  of  the 
East  Indian  Railway.  There  can  be  little  doubt  that  the  quartzite  of  these 
localities  is  the  bottom  rock  of  the  Behar  transition  series,  the  Bhiaura 
quartzite.  In  the  Shaikhpura  ridge  it  rests  steeply  against  a  rock  having 
the  texture  of  a  thoroughly  crystallised  coarse  granite,  but  completely 
decomposed.  The  relative  position  of  the  two  rocks  is  precisely  that  of 
the  Bhiaura  quartzite  and  the  dome-gneiss.  Along  a  steady  outcrop  of 
some  two  miles  long  no  feature  of  special  intrusion  was  observed,  and  there 
is  no  extra  metamorphism  at  this  junction.  The  only  contact-action  that 
occurs  is  of  secondary  origin,  in  the  formation  of  layers  and  vein-like 
strings  of  a  sharply  cellular  quartz-rock  much  used  for  making  hand-mills. 

This  section  is  noticed  in  connection  with  a  more  decided  one  at  Luckee- 
serai, only  a  few  miles  to  the  east  on  the  same  strike,  where  the  quartzite 
again  rests  against  an  amorphous  mass  of  pseudo-crystalline  granitoid 
rock,  of  much  less  sharply  defined  texture  than  at  Shaikhpura,  in  which 
strings  of  pebbles  can  be  detected.  This  is  underlaid  by  strong  beds 
of  coarse  conglomerate,  having  the  same  dip  as  the  overlying  quartzite. 
The  pebbles  and  boulders  in  this  conglomerate  are  mostly  sub-angular, 
and  are  exclusively  of  varieties  of  quartzite  like  those  of  the  over- 
lying formation,  none  being  of  crystalline  rocks.  They  often  appear  elon- 
gated in  the  direction  of  the  foliation,  and  adhere  firmly  to  the  matrix, 
which  is  aquartzose,  sub-gneissose  schist.  Just  east  of  Dharirah  station 
some  masses  of  this  rock  protrude  through  the  alluvium  close  to  the  base  of 
the  Kharakpur  hills.  Another  outcrop  of  conglomeratic  schist  was  observed 
under  the  east  end  of  the  Gfdhaur  range  and  dipping  towards  it. 

These  Lukeeserai  beds  remind  one  forcibly  of  the  pseudo-gneiss  ob- 
served conformably  underlying  the  Bijiwarsin  the  section  of  the  Ken  river 
in  Bundelkhand,  and  the  suggestion  revives,  however  slightly,  the  question 
of  the  possible  correspondence  of  the  transition  groups  in  the  two  areas. 

There  is  another  rock  frequently  found  with  the  undulating  gneissic 
rocks  of  Behar,  and  elsewhere  in  this  zone  or  protruding  from  the  alluvium 
near  the  hills,  that  suggests  the  same  connection.  It  is  a  jaspideous  quartz- 
ite, often  brecciated,  and  not  unlike  the  bottom  Bijiwar  rock  of  Bundel- 
khand and  the  Dhdr  forest.  It  commonly  has  the  same  moderate  dip  as 
the  rocks  with  which  it  occurs,  but,  when  vertical  or  crushed,  it  is  readily 
mistaken  for  fault-rock  or  vcin-stone. 

Suggestions  of  an  oppositetendency  can,    however,  be  pointed  out  from 
observations   recorded  in    preceding  paragraphs.    It  ^as  stated  that  the 
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contrasting  groups  of  transition  rocks  in  the  northern  and  southern  portions 
of  the  section  in  south  Mirzipur  cannot  be,  in  any  degree,  representative 
of  each  other  by  horizontal  transition,  and  the  presumption  would  be 
strongly  in  favour  of  the  southern  beds— the  slates  of  the  Rer — being  the 
older  of  the  two.  If  the  Behar  rocks  had  to  be  affiliated  to  either  of  these 
exclusively,  it  would  certainly  be  to  the  latter  group. 

It  has  been  already  explained  that  the  gneissic  formations  in  lower 
Assam  and  the  hills  to  the  south  are  more  closely  allied  to  those  of  the 
peninsular  region  of  India  than  to  the  metamorphic  formations  of  the 
Himalaya.  This  relation  holds  also  for  the  transition  rocks,  which  are 
largely  developed  on  the  south  side  of  the  hills,  where  the  sub-metamorphic 
beds  are  for  the  most  part  covered  by  the  horizontal  cretaceous  rocks 
of  the  plateau,  but  are  exposed  in  the  deep  ravines  that  penetrate  to  the 
very  axis  of  the  range.  The  lateral  extension  of  these  transition  rocks 
has  not  been  ascertained.  On  the  central  cross-section  in  the  Khisi  country 
they  stretch  for  30  miles  from  near  the  south  margin  of  the  plateau  to 
beyond  the  watershed  north  of  Shillong,  the  culminating  ridge  with  its  sum- 
mit 6,450  feet  high  being  formed  of  the  quartzites  of  the  transition  series, 
which  have  hence  been  described  as  the  Shillong  series.^ 

These  Shillong  beds  have  a  general  resemblance  to  those  in  Behar.  They 
consist  of  a  strong  band  of  quartzites  overlying  a  mass  of  earthy  schists. 
Great  masses  of  granite  and  of  basic  trap  rock  also  occur  intrusively.  The 
former  may  well  represent  the  similar  rock  seen  to  be  intrusive  into  the 
slaty  schists  of  Rijagriha,  and  the  latter  resembles  certain  trappoid  rocks 
in  Behar.  Thus  altogether  the  affinity  is  sufficiently  marked  to  introduce 
the  notice  of  the  Shillong  area  in  sequence  with  that  of  Behar.  In  the 
lofty  and  deeply  eroded  ground  of  the  Assam  hills  the  sections  are  much 
more  favourable  for  study  than  on  the  alluvium«smothered  plains,  and  some 
very  puzzling  observations  have  been  recorded  regarding  the  relations 
of  the  hypogene  rocks  to  the  Shillong  series. 

The  lithology  of  these  Shillong  rocks  varies  much,  according  to  local 
conditions  of  metamorphism.  In  places  the  quartzites,  generally  very  firm 
and  more  or  less  schistose,  are  quite  friable  and  might  be  called  sand- 
stones,  but  this  state  is  probably  due  to  decomposition,  for  the  texture 
always  reveals  the  effects  of  chemical  change.  It  is  coarser  grained 
than  is  common  in  the  Behar  quartzites,  and  at  the  basp,  immediately  over 
the  slates  or  schists,  there  usually  occurs  a  conglomerate,  often  of 
considerable  thickness,  made  up  chiefly  of  quartz  pebbles,  but  with  some 
rounded  fragments  of  coloured  quartzites.  Still,  so  far  as  has  been  made 
out,  the  quartzite  is  conformable  to  the  schists,  but  in  troubled  ground 
it  is  difficult  to  make  sure  of  such  a  point.  The  schistose  beds  also  exhibit 

*  H.  B.  Mcdiicott,  Memioits,  Vll,  197,  (1869). 
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much  variety  of  texture,  from  ordinary  clay  slate  to  well  foliated  schists 
and  gneiss.  These  changes  are  simultaneous  in  both  quartzites  and 
schists^  and  it  is  noteworthy  that  the  increase  of  metamorphism  is  towards 
the  south,  away  frpm  the  area  of  the  old  gneiss. 

The  relation  of  the  transition  rocks  to  this  gneiss  has  not  been  made 
out.  On  the  only  section  of  which  we  have  critical  observations,  nearly 
due  north  and  south  through  Shillong,  the  boundary  with  the  gneiss  occurs 
in  the  low  jungle-covered  hills,  where  observation  is  almost  impossible. 
The  dividing  line  between  the  two  series  crosses  the  high  range  to  the 
west  of  our  section,  and  it  is  there  that  the  junction  should  be  examined. 
The  observation  already  noted,  that  the  metamorphism  increases  to  the 
south,  would  suggest  that  the  junction  of  the  schists  with  the  main  gneiss 
to  the  north  may  be  lithologically  abrupt.  At  the  southern  boundary  there 
is  a  steep  plane  of  contact  between  the  highly  altered  transition  rocks  and 
ihe  great  accumulation  of  bedded  eruptive  rock,  known  as  the  Sylhet  trap, 
supposed  to  correspond  with  that  of  the  Kdjmahil  hills  and,  therefore^  to  be 
of  Jurassic  age.  The  cretaceous  sandstones  lie  evenly  and  unconformably 
on  both  formations. 

In  the  midst  of  the  transition  area  there  is  an  extensive  exhibition  of 
eruptive  rock^  of  very  different  character  from  the  Sylhet  trap.  It  is  a 
dense^  massive,  basic  diorite  or  greenstone.  The  high  road  between  Sura- 
lim  and  Mauphlong  crosses  this  rock  continuously  for  five  miles  in  the 
gorges  of  the  Kilapini  and  Bogapini  rivers.  The  direction  of  the  road  is 
oblique  to  the  strike  of  the  rocks,  but  at  right  angles  to  its  outcrop  the 
greenstone  is  fully  a  mile  wide.  It  nowhere  betrays  any  bedded  structure, 
and  its  intrusive  character  is  not  so  marked  as  might  be  expected  with  so 
extensive  a  display  of  igneous  rock.  There  is,  however,  sufficient  evidence 
of  intrusion  for  this  greenstone,  as  a  well  defined  dyke  passes  from  the 
main  mass  into  the  quartzite  of  the  ridge,  about  half  a  mile  south  of 
Mauphlong.  Elsewhere  one  may  walk  for  miles  along  the  junction  of  the 
two  rocks  without  finding  any  signs  of  penetration  of  one  by  the  other. 

The  relation  of  the  granite,  or  at  least  of  the  larger  masses  of  the  crys- 
talline rock,  to  the  transition  rocks,  is  also  very  puzzling.  Two  such 
masses  adjoin  the  high  road  across  the  Khisi  hills.  One  is  the  MylKm  (MoUm) 
area  just  south  of  the  Shillong  ridge,  and  close  to  the  road  between  Mauph- 
long and  Shillong.  The  other  area  is  much  more  difficult  of  approach,  the 
granite  being  only  exposed  in  the  deep  gorges  under  the  sandstones  of  the 
plateau,  as  on  both  sides  of  Surarim. 

The  rock  is  a  thorough  granite.  It  commonly  affects  a  spheroidal  struc- 
ture, and  it  is  composed  of  pale  pink  orthoclase,  often  in  large  crystals,  a 
small  proportion  of  very  pale  greenish  oligoclase,  a  little  dark-green  or 
brown  mica,  and  an  abundance  of  disseminated  hyaline  quartz.  There  can 
be  no  question  that  these  great  granitic  masses  are  of  later  origin  than  the 
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transition  series,  for  the  total  want  of  symmetry  in  the  arrangement  of  the 
surrounding  sedimentary  rocks  forbids  the  supposition  that  they  could  have 
been  deposited  round  the  granite,  yet  the  absence  of  any  apparent  con- 
nection between  the  form  of  the  intrusive  masses  and  the  disturbance 
of  the  transition  rocks  is  very  difficult  to  understand.  The  quartzites  (the 
upper  member  of  the  transition  series)  are  generally  found  at  the  boundary, 
but  their  dip  and  strike  are  quite  independent  of  the  granite,  as  if  their 
contortions  had  been  fully  established  before  the  granite  was  introduced, 
and  remained  quite  unaffected  by  it.  The  facts  seem  totally  to  preclude 
the  notions  of  fracture  and  compression  commonly  associated  with  the 
word  intrusion.  The  supposition  of  the  mass  being  faulted  into  position 
also  lacks  any  corroborative  evidence,  the  boundary  lines  are  all  rounded 
and  show  no  symptoms  of  fissuring«  It  is  as  if  a  great  hole  had  been 
burned  out  of  the  old  stratified  rocks  and  the  crystalline  mass  let  in,  or  as 
if  the  transition  rocks  had  been  converted  into  granite  up  to  a  certain 
boundary,  without  affecting  the  area  beyond  that  line.  Yet  the  junction 
is  quite  sharp,  the  quartzites  not  being  more  altered  at  the  very  contact 
with  the  granite  than  away  from  it.  In  keeping  with  all  these  negative 
characters  is  the  fact  that  no  dykes  or  veins  of  granite  have  been  observed 
issuing  from  the  great  mass  of  Myllim,  nor  even  in  its  neighbourhood.  This 
is  the  more  remarkable,  because  dykes  and  veins  of  similar  granite  are  not 
uncommon  in  the  southern  part  of  the  area,  where  the  general  metamor- 
phism  of  the  transition  series  is  so  much  greater  as  to  suggest  that  the 
focus  of  hypogene  activity  lay  in  that  direction,  beyond  the  present  southern 
limit  of  these  formations.  It  is  also  in  agreement  with  the  facts  and 
suggestions  recorded  to  note  that  the  granite  is  younger  than  the  old 
dioritic  Khdsi  trap;  several  small  dykes  of  granite  are  seen  ramifying 
through  the  diorite  in  the  bed  of  the  torrent  east  of  Surarim. 

The  gneissic  uplands  of  Hazdribigh  and  ChutiiNigpur,  about  120  miles 
wide,  separate  the  transition  rocks  of  Behar  from  those  which  occupy 
parts  of  Mdnbhum  and  Singbhum  in  south«west  Bengal  and  stretch  far  to 
the  west,  the  whole  transition  area  being  about  150  miles  long  from  east  to 
west,  and  80  miles  wide*. 

Although  the  total  thickness  of  this  series  must  be  great,  no  distinct- 
ive zones  are  marked  in  it.  From  top  to  base  it  seems  to  be  an  indiscri<> 
niinate  alternation  of  quartzite,  quartzitc  sandstone,  slate  and  shales,  horn- 
blendic,  micaceous,  talcose,  and  chloritic  schists,  the  latter  passing  into 
potstone,  and  some  bedded  trap.  Well-preserved  ripple  marks  are  found  in 
the  slates  and  shales,  and  some  of  the  latter  are  so  little  metamorphosed 
that  they  might  be  mistaken  for  Talchirs,  but  for  the  quartz  veins  that 
penetrate  them. 

»  Memoirs,  XVIlI,  73,  124,  (1881). 
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Some  large  inliers  of  gneiss  occur  within  this  basin  of  transition  rocks. 
Around  some  of  these  inliers  the  boundary  is  in  its  original  condition, 
as  at  Chdibisd,  where  shales  and  sandstones  rest  flatly  and  quite  un- 
changed upon  the  coarse  gneiss  of  the  principal  inlier,  and  the  uncon« 
formity  of  the  two  series  is  further  proved  in  this  case  by  the  fact  that 
the  underlying  gneiss  is  profusely  traversed  by  trap  dykes,  which  do  not 
penetrate  the  overlying  deposits.  The  boundary  between  the  transition 
rocks  and  the  main  gneiss  of  Bengal  on  the  north  is  said  to  be  a  fault,  on 
account  of  the  more  or  less  continuous  presence  along  it  of  a  rib  of  vein- 
stone. This  boundary  occurs,  however,  at  the  base  of  a  long  descending 
section  of  the  transition  rocks  and  the  beds  along  the  line  of  junction 
are  such  as  elsewhere  appear  as  bottom-beds  of  the  transition  series. 
There  are  besides  outliers  of  the  slate  series  beyond  the  supposed  faulted 
boundary  to  the  east^  about  Supur,  and  an  inlier  of  gneiss  a  short  distance 
inside  it  at  Borobhum.  We  can  at  least  conclude  that  the  junction  here,  whe* 
ther  faulted  or  not,  is  abrupt,  that  is  to  say,  without  any  gradation  of  strati- 
graphical  or  mineralogical  characters.  In  this  part  of  the  basin  the  maxi* 
mum  of  disturbance  and  of  metamorphism  seems  to  occur  away  from  the 
boundaries.  Further  to  the  west,  however,  the  junction  of  the  slate  and 
gneissic  series  is  described  as  transitional,  and  granite  veins  penetrate  the 
slates  without  much  affecting  them. 

The  most  striking  feature  of  this  area  is  a  mass  of  dioritic  trap  running 
continuously,  but  with  varying  width,  nearly  east  and  west,  through  the 
centre  of  the  transition  basin.  Dalmi  hill,  3,050  feet  high,  is  formed  of 
this  rock,  and  here  the  outcrop  is  nearly  3  miles  wide.  The  trap  is  de- 
scribed as  a  great  dyke,  but  its  composition  is  described  as  complex  and 
obscurely  bedded.     A  section  north  of  Rimgarh  is  given  as — ^ 

1.  Indurated  chloritic  schist.  5,  Indurated  chloritic  schist. 

2.  Porphyritic  trap.  6.  Brecciated  trap- 
se Indurated  chloritic  schist.  7.  Indurated  chloritic  schist. 
4.  Compact  and  amygdaloidal  trap.  8.  Brecciated  trap. 

Several  other  cases  of  similar  variation  were  observed.  The  supposed 
dyke  is  found  along  the  axis  of  a  greatly  compressed  synclinal  fold,  and 
has  evidently  been  subject  to  much  crushing,  the  description  is  not 
such  as  one  would  expect  in  the  case  of  a  truly  intrusive  rock,  and  it  is  at 
least  possible  that  it  is  composed  of  contemporaneous  volcanic  rocks 
whose  structure  has  been  obscured  by  disturbance. 

As  in  Southern  India,  these  transition  rocks  carry  metalliferous  lodes 
of  gold,  silver,  copper,  lead,  etc.,  but  so  far  none  of  these  have  proved 
remunerative — except  to  promoters  of  joint  stock  companies  and  a  limited 
number  of  speculators  in  mining  scrip. 

In  Chuti^  Ndgpur  a  few  exposures  of  quartzites  and  schist  have  been 

>  Memoirs,  XVIII,  80,  (iSSi). 
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separated  from  the  gneis^i  and  it  is  probable  that  more  will  be  fouDcI 
iivhen  the  gneissic  area,  intervening  between  the  patches  of  Gondwina 
rocks,  is  more  closely  examined.  Some  of  these  patches  are  indicated  on 
the  mapj  but  they  do  not  exhibit  sufficient  peculiarity  to  require  detailed 
notice. 

West  of  Riipur,  in  the  Central  Provinces,  is  another  stretch  of  trans- 
ition rocks,  known  as  the  Chilpi  ghit  or  Saletekri  beds,^  which  have  been 
but  little  examined.  They  consist  of  quartzites,  dark  green  and  buff  slates, 
and  shaly  beds,  coarse  conglomerates  and  numerous  beds  of  trap.  They  are 
for  the  most  part  much  disturbed,  but  sometimes  lie  at  easy  dips.  The 
succession  of  the  beds  has  not  been  worked  out,  and  little  more  is  known 
of  them  than  their  approximate  boundary. 

To  the  south-east  Dr.  Ball  found^  on  the  eastern  side  of  the  plateau 
south  of  Tamot,'  some  much  disturbed  shales,  with  subsidiary  quartzites 
underlying  the  horizontal  quartzites  of  the  plateau.  These  very  probably 
belong  to  the  same  series  as  the  Chilpi  ghit  beds^  and  on  the  accompanying 
map  have  been  coloured  as  such. 

Turning  to  the  north-west  corner  of  the  Peninsula  the  beds  of  the  G  walior 
system'  are  found,  about  120  miles  from  the  Bundelkhand  outcrop  of  the 
Bijiwar  system,  resting  upon  the  gneiss  in  precisely  the  same  mechanical 
relation,  horizontally  or  with  a  gentle  slope.  The  denuded  outcrops  of  the 
quartz  reefs  traversing  the  gneiss  are  in  both  cases  covered  by  the  bottom 
deposits  of  the  overlying  transition  groups,  but  a  slight  difference  is 
noticeable  at  the  actual  contact.  The  bottom  layer  of  the  Bij^wars  is 
commonly  more  or  less  adherent  to  the  gneiss,  the  result  of  the  partial 
metamorphism  that  the  Bijiwars,  even  in  Bundelkhand,  have  undergone, 
whereas  in  the  Gwalior  rocks  the  bottom  contact-layer  is  still  unaffected 
in  contact  with  the  gneiss. 

A  general  list  of  the  rocks  of  the  Gwalior  formation  would  not  suggest 
any  separation  from  the  Bijiwars.  Each  contains  sandstone  or  quartzite, 
limestone,  jasper,  iron  bands  and  bedded  traps.  The  arrangement  of 
these  different  strata  is,  however,  markedly  different  in  the  two  cases, 
and  the  general  facies  of  these  two  series  does  not  suggest  to  the  observer 
that  they  are  representative.  Still,  the  Gwaliors  are  more  nearly  allied  by 
their  mineral  characters  to  the  Bijiwars  than  to  the  lower  Vindhyans,  and 
on  this  account,  on  account  of  their  relations  to  the  slaty  series  of  the 
Arivallis,  and  of  the  great  unconformity  which  subsists  between  them  and 
the  upper  Vindhyans,  they  are  here  classed  with  the  transition  rather 
than  the  older  palaeozoic  systems. 


1    The  only  published    description  will  be 
found  in  Records,  XVIII,  187.  (1885). 
^Records,  X,  175,  (1877). 
*  There  \s  a  short  notice  of  the  Gwalior 


series  by  Mr.  C.  A.  Hacket  in  Records^  III,  33, 
(1870) ;  it  is  also  mentioned  in  Mr.  Hacket's 
paper  on  the  north*east  Ardvalli  legion, 
Records,  X,  84,  (1877), 
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The  area  occupied  by  the  Gwalior  system    is  only  50  miles  long,  fron^ 
east  to  west,  and  about  15  miles  wide.     It  takes  its  name  from  the  city 
of  Gwalior,  which  stands  upon  it,  surrounding  the  famous   fort  built  upon 
a  scarped  outlier  of  Vindhyan  sandstone.     The*<:om position  of  the  Gwalior 
formation  is  very  mixed,  and  admits  of  only  a  twofold  and   very  unequal 
subdivision.      There    is    constantly    at   the   base  a  sandstone,   or   semi- 
quartzite,  a  fine-grained  stone,  pale  grey  in  colour,  regularly   and    thinly 
bedded,  often  conglomeratic  at  the  base,  called  the   Pdr  sandstone,  from 
a  town   12  miles  sjulh-west  of  Gwalior.     It   varies  from  20  to  200  feet  in 
thickness,  and  is  overlaid  by  about  2,000  feet  of  strata,  consisting  mainly  ot 
thin,    flaggy,  silicious,    ferruginous   shales,   copiously    interbanded    with 
hornstoneand  jasper,  frequently  of  a  brilliant  red  colour.    Liqiestone,  more 
or  less  cherty,   occurs  on  two  principal  horizons  in  these  shales,  but  not 
crontinuously,  and  there  are  two  principal  zones  of  a  dense  basic  dioritic 
trap.     All  these  upper  beds  amounting  to  about  2,000  feet  in  thickness,  and 
constituting  the  bulk  and  the  characteristic  portion  of  the  Gwalior  forma- 
tion, have  been  distinguished  from  the  P^r  sandstone  as  the  Morir  group^ 
^he  name  being  taken  from  the  military  station  close  to  Gwalior. 

With    the    exception   of   some   very    local    slips    and    crushing,    the 

<jwalior  rocks  are  undisturbed,  having  a  steady,  low,  northerly  inclination 

of  only    three    to  five   degrees.      The   features   of  the  area  correspond 

-with   this    arrangement    of     the    rocks.       There    is   a  continuous   broad 

plateau-range  on  the  south,    from   300  to  500  feet  high,  formed  largely 

^f  the  Pdr  sandstone.     On  the  west  it  is  connected  at  right  angles  with 

the  Vindhyan   scarp,  which  lies  at  a  slightly  lower  level,  and    it  stretches 

thence  eastwards  to  the  Sind    river,   forming   a  steep  scarp  overlooking 

the  gneissic  area    of  lower  Bundelkhand  to   the  south.     There  are  two 

other  ranges  on  the  north,  parallel  to  the    Pir  scarp,  but  they  are  much 

b'-oken  by  cross-drainage,  the  two  longitudinal  valleys  between  the  three 

ridges  being   due   to  greater  decomposition  and  erosion  along  the  two 

outcrops  of  bedded  trap.     It  is  only  at  the  west  end,   near  the  Vindhyan 

plateau,  that  these  trappean  bands  are  well  exposed. 

The  general  easterly  direction  of  the  Pir  scarp  is  very  steady  up  to 
the  Sind  river,  but  the  Ime  is  much  serrated  by  bays  and  headlands,  in  which 
the  nature  of  the  junction  with  the  gneiss  is  well  exhibited.  At  the  most 
southerly  points  of  the  range  the  gneiss  reaches  to  within  a  few  feet  of  the 
summit,  and  is  capped  by  only  a  few  feet  of  sandstone,  but  the  surface  of 
the  gneiss  gradually  slopes  downwards  in  the  valleys  cut  back  to  the  north, 
and  the  thickness  of  the  overlying  Gwalior  beds  increases.  This  slope  of 
the  junction  is  largely  due  to  the  original  form  of  the  basin  in  which  the 
beds  of  tlie  Gwalior  series  were  deposited,  for  close  to  the  edge  of  the 
scarp  the  thickness  of  the  Vir  sandstone  is  small,  near  Pir  only  about  20 
feet,  while  on  the  north  side  of  the  range,  wherever  sections  are  exposed, 
as  at  Badhano,  ten  miles  south-east  of  Morir,  the  thickness  is  not  less 
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than  200  feet.  No  trace  of  an  unconformity  between  the  Pit  and  Morir 
groups  having  been  detected,  this  thickening  must  be  due  to  the  form 
of  the  basin  of  deposition,  and  would  seem  to  show  that  the  present  south- 
ern limit  of  the  Gwalior  series  represents  very  closely  the  original  limit  of 
deposition  of  the  Pir  sandstone. 

On  the  top  of  the  Pit  sandstone  there  occurs  locally  a  compact 
calcareo-silicious  bed  that  is  worth  noticing,  because  the  peculiar  coralloid 
forms  it  exposes  by  weathering  were  thought  by  Dr.  Stoliczka  to  be  of 
organic  origin.^  This  rock  is  best  seen  just  south  of  Bdra,  25  miles  east 
by  south  of  Morir. 

The  lower  zone  of  bedded  trap  is  about  400  teet  from  the  base  of  the 
Morir  group.  There  are  two  or  more  flows  i^ith  intervening  shales 
well  seen  on  both  sides  of  the  Indore  road,  at  frbm  6  to  10  miles  south- 
west of  Gwalior.  The  thickness  of  these  flows  is  very  various.  From 
70  feet  they  thin  out  to  nothing,  but  they  are  probably  nowhere  absent 
on  this  horizon,  obscure  outcrops  of  them  having  been  observed  at  several 
places  in  the  valley  formed  along  their  strike  to  the  east.  At  some  spots 
there  is  an  appearance  of  the  trap  having  burst  up  through  the  under- 
lying shales.  Thus,  in  the  stream  near  the  Trunk  Road  north-west  of 
Bela,  there  is  a  low  section  showing  the  shales  and  trap  in  vertical  con- 
tact, but  otherwise  the  interstratification  is  unbroken. 

In  connection  with  this  lower  zone  of  trap  there  occurs  a  rock  that  will 
again  come  under  notice  in  the  Cuddapah  system,  and  also  in  the  lower 
Vindhyans.  It  is  a  compact  porcellanic  rock,  as  sharply  and  regularly 
bedded  as  the  associated  jaspideous  shales.  Occasionally  it  is  obscurely 
porphyritic,  having  small  indeterminate  crystals  scattered  through  it.  An 
analysis  of  a  specimen  from  the  Gwalior  beds  gave  a  composition  ap- 
proaching to  that  of  orthoclase  felspar.'  But  there  is  no  presumption 
that  this  porcellanic  rock,  or  hornstone,  which  has  more  than  once  been 
described  as  volcanic,  has  any  connection  with  volcanic  activity,  and  its 
association  here  with  trappean  beds  of  highly  basic  composition  is  probably 
quite  fortuitous. 

The  upper  zone  of  trap  is  on  a  much  larger  scale.  The  whole  plain 
of  Morir  is  underlaid  by  it,  at  least  on  the  north  side,  and,  if  allowance 
is  made  for  the  small  dip,  the  flow  can  hardly  be  less  than  500  feet  thick. 
It  is  admirably  exposed  in  the  undercliff  of  the  Vindhyan  scarp  in  the  fort 
hill  and  the  promontories  to  the  westward.  In  a  small  plateau  about  three 
miles  to  north-north-east  of  the  fort  it  is  overlaid  horizontally  by  typical, 
rusty,  jaspideous  shales  of  the  Gwalior  series.  Several  detached  hills 
in  the  plain  lying  east  by  north  of  MorSr  are  formed  entirely  of  this 
massive  trap. 

Limestone  occurs  principally  on  two  horizons,  in  and  above  the  lower 
trappean  zone  and,  in  the  northern  hills,  above  the  great  trap  flow.    In 

^Records,  III,  35,  (1870).  |    « Records,  III.  37,  (1870). 
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both  positions  it  is  very  uncertain  and  discontinuous.  Within  a  space  of 
100  yards  a  mass  of  limestone,  more  than  50  feet  thick^  is  found  to  be 
totally  replace4  by  ochreous  shales. 

The  iron  ore,  which  is  largely  mined  in  the  Gwalior  .system,  is  quite 
different  from  that  found  in  the  Bijiwars.  The  latter  is  a  massive 
concretionary  haematite  irregularly  concentrated  in  ferruginous  earthy 
sandstones.  The  Gwalior  ore  is  a  fine  wafer-like  shale,  composed  of  thin 
flakes  of  haematite  with  still  thinner  films  of  clay.  It  is  a,  decomposed  con* 
dition  of  the  jaspideous  shales,  from  which  the  amorphous  silica  has  been 
dissolved  out,  leaving  the  iron  ingredient  in  a  very  favourable  stata  for 
mining  and  smelting.  The  conditions  for  this  change  seem  only  to  have 
obtained  near  the  base  of  the  group,  as  the  mines  are  in  the  shales  a 
few  feet  over  the  Pir  sandstone. 

To  the  east  and  north  the  Gwalior  system  is  covered  by  the  great 
alluvial  plains.  On  the  west  it  passes  under  the  upper  Vindbyans,  and  two 
inliers,  exposed  by  the  removal  of  tliese  covering  rocks,  are  crossed  by 
the  Trunk  Road.  The  only  specific  identification  of  the  Gwalior  be«ls 
beyond  this  area  is  at  the  nearest  point  on  the  opposite  side  of  this 
northern  extension  of  the  Vindhyan  basin,  70  miles  to  the  north-west  of 
Gwalior.  At  Hindaun  there  is  a  narrow  ridge  of  banded  jasper  and  fer- 
ruginous shales,  which  Mr.  Hacket  considers  to  be  indubitable  Gwaliors^ 
The  Gwaliors  at  Hindaun  are  more  or  less  vertical,  and  in  contact  with 
them,  but  not  conformably,  are  some  quartzite  sandstone  and  red  and 
black  slaty  shales,  with  irregular  bands  of  limestone,  which  will  be  again 
referred  to  when  dealing  with  the  Delhi  system. 

The  antiquity  of  these  rocks  is  shown  not  only  by  this  section  at 
Hindaun,  but  by  the  very  extensive  denudation  they   had  undergone  pre- 


Fig.  4.  Section  shotring  the  relation  between  the  Gwalior  and  Vindhyan  systems  at 
the  junction  of  the  Pdr  and  Vindhyan  scarps.  Ks.  Kdimur  sandstone.  Kc. 
KiLimur  conglomerate.    G.  Gwalior  beds.  C.  Bundelkband  gneiss. 

vious  to  the  deposition  of  the  upper  Vindhyan  sandstones.  At  the  western 
end  of  the  Pir  scarp,  the  Kiimur  sandstones  and  conglomerate  are  de- 
posited against  a  scarped  face  of  Pir  sandstone  and  rest  on  the  gneiss  at 
a  lower  level  than  the  base  of  the  Gwaliors  close  by'. 

The  Arivalli  system  was  formerly  taken  to  comprise  all  the  transition 

^RiCords,  III,  40,  (1870);  X.  90,  (1877).      1    ^Sfemoirs,  VII,  58,  (1869). 
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beds  of  the  Arivalli  range,  inclading  those  belonging  to  what  we  will  now 
distinguish  as  the  Delhi  system^  Little  can  be  said  of  the  petrography  or 
of  the  relations  of  the  Arivalli  system,  as  limited  by  the  exclusion  of  these 
newer  beds,  and  even  the  validity  of  the  separation  is  in  doubt.  Mr. 
Hacket  was  inclined  to  believe  '  that  the  schists  of  the  ArivalHs  were 
merely  the  metamorphosed  equivalents  of  the  lower  portion  of  his  Dellri 
system,  but  the  disproportion,  in  thickness  as  well  as  in  metamorphism, 
between  the  beds  of  the  great  schist  area  of  the  Arivallis  and  the  much 
smaller  thickness  of  slates  and  liraesto-ne,  which  alone  can  be  included 
with  certainty  in  the  Delhi  system,  renders  this  doubtful.  Moreover  he  has 
recorded  some  observations,  noticed  below,  which  point  to  an  unconform- 
able break  between  the  two  systems. 

Accepting  the  validity  of  a  distinct  Ardvalli  system  of  transition  age,  it 
may  be  described  as  consisting  of  quartzites  and  limestones,  often  con- 
taining coccolite,  hornblendic  and  mica  schists,  abounding  in  crystals  of 
andalusite,  staurotide  and  garnet,  and  felspathic  schists  and  gneisses. 

The  contact  of  the  schists  and  gneiss  shows  a  gradual  transition^,  both  in 
the  centre  of  the  range,  and  where  they  are  in  contact  with  the  granitoid 
gneiss  of  Dhariawad  and  near  Chitor,  which  has  been  regarded  as  belonging 
to  the  Bundelkhand  or  older  gneiss  series.  This  transition  is  in  part  appa- 
rent, and  due  to  the  true  gneiss  not  having  everywhere  been  distinguished 
from  gneissose  forms  of  intrusive  granite,  bat  is  not  improbably  to  sonre 
extent  real. 

The  relation  of  the  Arivalli  schists  to  the  Dellii  system  is  somewhat 
doubtful ;  where  the  lower  beds  of  the  latter  have  undergone  metamor- 
phism  they  are  difficult  to  distinguish,  and  it  is  probable  that  in  those  sec- 
tions which  appear  to  show  a  passage  between  the  two,  the  break  occurs 
between  beds  which  it  is  difficult  to  distinguish  from  each  other.  This  is 
rendered  probable  by  the  unmistakable  unconformity  which  is  shown  by 
some  sections,  such  as  the  one  near  Nithahar,  where  the  Alwar  qtrartzites 
rest  upon  the  edges  of  nearly  vertical  argillaceous  and  quartz  schists,  and 
in  the  hills  south  of  the  Basi  railway  station,  where  a  thick  band  of  coarse 
conglomerate  occurs  at  the  base  of  the  Alwar  quartzites  immediately  above 
what  were  regarded  as  beds  belonging  to  the  Raialo  group.* 

East  and  south-east  of  Udaipur^  in  the  heart  of  the  range,,  conglomer- 
ates, containing  numerous  boulders  and  pebbles  of  quartzite  in  a  schistose 
quartzite  matrix,  occur  close  to  ridges  of  quartzite,  which  were  regarded  as 
of  Alwar  age^  The  position  of  these  conglomerates  is  not  very  well 
established.  The  nature  of  the  boulders  they  contain  would  lead  one  to 
suppose  that  they  were  of  later  date  than  the  quartzites  of  the  ridge  close 
byjbut  their  position  would  indicate  that  they  came  between  the  quartzites 
and  the  adjoining  older  schists. 

'  Manual^  1st  ed,,  p.  49.  (1881).     MSS.  Reports,  ^a5«m. 

*C.  A.  Hacket,  MS.  Report,  1886.  *  *  Records  X,  86,  (1877);  XII,  4,  (1879). 

*C.   A.    Hacket,    Records,   XIV,  282,       |     »  C.  A.  Hacket,  MS.    Report,  1885. 
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Thesesections   appear   to  leave   but  little   room  for  doubting  that  an 
Tinconformabie  break  exists,  and  for   this    reason  it  appears  advisable  to 
recognise    the   existence   of   a  distinct  system  of  schists  and  slaty  beds, 
underlying  and  older  than   the   Delhi   system,  though  it  is  impossible  to 
attempt  any  subdivision  or  detailed  description  of  them. 

Beds  of  compact  silicious  rock  and  jasper,  slightly  resembling  those  of 
the  Gwalior  system,  are  recorded  as  occurring  in  the  Raialo  group  in 
Shaikh^wati,  near  Chenpura,  north-east  of  the  Basi  railway  station,  and 
near  Muhammadpur,  south  of  Kherly  railway  station.  At  the  time  the 
observations  were  made  the  term  Raialo  covered  all  the  beds  below  the 
Alwar  quartzite,  except  the  gneiss,  and  it  is  consequently  uncertain 
whether  these  beds  belong  to  the  Delhi  system  or  not,  but  the  occurrence 
of  jasper  pebbles  in  the  conglomerates  of  the  Alwar  group  makes  it  prob- 
able that  they  should  be  referred  to  the  Arivalli  system,  as  here  restricted. 

In  the  central  part  of  the  Ardvalli  range  the  Arivalli  schists  are  profusely 
penetrated  by  granite  veins,  and  have  in  consequence  undergone  great 
metamorphism.  But  west  of  Udaipur  there  is  an  area  where  granite 
is  wanting,  and  the  beds  are  almost  as  unaltered  as  the  slates  and  lime- 
stones below  the  Alwar  quartzite,  west  and  south  of  Nimach.  This  was 
considered  to  be  an  indication  that  the  last-mentioned  beds  were  repre- 
sented in  a  more  metamorphosed  condition  by  the  Arivalli  schists,  but  it  is 
equally  possible,  and  on  the  whole  more  probable,  that  they  are  an  outlier 
of  the  newer  beds  or,  belonging  to  the  older  system,  have  locally  escaped 
metamorphism. 

The  rocks  of  the  Delhi  system  extend,  in  a  number  of  isolated  out- 
crops of  varying  size,  from  Delhi  to  beyond  Nfmach,  a  distance  of  about 
.  340  miles  from   north-north-east  to   south-south-west,  and    for   a   width 

I  of  about  150  miles  in  a  direction  transverse  to  this.     The  name  applied  to 

^1        the  system  by  Mr.  Hacket  in  1881^  has  proved  an  unfortunate  one,  as  it 
.        is  but  ill  exposed  near  Delhi,  and  we  must  look  to  the  hills  near  Bidna,  and 
1        those  of  Mandsaur  and  the  neighbourhood  of  Nimach,  for  the  typical  sec- 
I       tions.   It  is,  however,  the  name  which  has  been  used  on  the  maps  and  in  the 
^      publications  of    the  Survey,  and  a  change  would  lead  to  greater  incon- 
1       venience  than  its  retention. 

I  The  beds  comprised  in  the  system  consist  of  a  lower  group  of  slates  and 

limestones,  and  an  upper,  very  much  thicker,  group  of  quartzites,  known 
as  the  Alwar  quartzites.  The  lower  group  was,  in  the  first  instance, 
named  the  Raialo,  but  as  this  name  has  subsequently  been  applied  to  all 
the  beds  below  the  Alwar  quartzites,  including  those  which  there  seems 
good  reason  for  separating  as  an  independent  system,  its  use  will  be 
abandoned  here. 

*  Records,  XIV,  281,  (1881). 
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The  Alwar  quartzites  may  be  described  generally  as  well-bedded 
quart  :ites,  of  light  grey  colour  and  fine  grain,  in  which  ripple  markings  and 
sun-cracks  on  the  surface  of  the  beds  are  common.  Coarse  grained  beds 
are  of  frequent  occurrence,  and  slaty  bands  are  met  with,  arkose  is  often 
found  near  the  base  of  the  group  where  it  rests  on  gneiss  or  granite,  and 
the  earlier  part  of  tbe  period  during  which  it  was  formed  appears  to  have 
witnessed  an  outburst  of  volcanic  activity. 

In  the  Biana  hills  the  Alwar  quartzites  have  been  divided  into  five 

groups  as  follows  : — * 

5.  Wer  quartzites  and  conglomerates. 

4    Damdama  quartzites  and  conglomerates. 

3.  B.^na  white  quartzite  and  conglomerate. 

2.  Badalgarh  quartzite  and  shale. 

I.  Nithahar  quartzites  and  bedded  traps. 

These  groups  are  all  separated  by  slight  unconformities  of  denudation 
and  overlap,  but  the  distinctions  appear  to  be  quite  local,  for,  even  in  the 
BicLna  hills,  they  are  distinguishable  on  some  sections,  while  in  other 
outcrops  it  has  been  impossible  to  recognise  them.  All  the  groups  vary 
very  much  in  thickness,  and  are  completely  overlapped  near  Nithahar  by 
the  Wer  quartzites,  which  rest  directly  on  the  schists. 

West  and  south  of  Nfmach'  a  very  similar  succession  of  beds  is  seen, 
consisting  at  the  base  of  a  conglomeratic  sandstone,  overlaid  by  about  200 
feet  of  shales  and  limestone,  and  capped  by  a  varying  thickness  of  quartz- 
ite. The  beds  are  very  little  disturbed  and  the  exposures  are  completely 
isolated,  but,  northwards  of  Sadri,  there  are  exposures  of  highly  disturbed 
•  quartzite  which,  forming  a  series  of  ridges  running  northwards,  can  be  cor- 
related with  the  beds  of  Mandsaur  and  Sadri  on  the  south,  and  those  of  the 
BicLna  and  Alwar  hills  and  Delhi  on  the  north.  The  identification  depends 
partly  on  the  observed  relation  of  the  quartzites  to  the  older  rocks,  partly 
on  the  similarity  of  lithological  character,  a  perfectly  justifiable  method  over 
such  short  intervals  as  we  are  dealing  with,  and  is  helped  out  by  the  frequent 
occurrence  of  beds  of  contemporaneous  trap  in  the  lower  part  of  the  series, 
though  these  have  not  as  yet  been  subjected  to  a  critical  examination. 

The  relation  of  this  system  to  the  gneiss  west  of  Nfmach,  and  to  the 
schists  of  the  Ar^valli  system,  as  now  restricted,  is  one  of  complete  un- 
conformity, there  being  usually  a  conglomerate  at  or  near  the  base  of  the 
section,  in  which  pebbles  of  the  underlying  gneiss  are  stated  to  occur  near 
DaulapcLni.  In  the  ridges  north  of  Sadri  the  same  unconformity  has  been 
observed,  and  a  similar  unconformable  contact,  accompanied  by  a  basal 
conglomerate,  has  been  observed  near  Nithahar  where  the  quartzites  rest 
on  vertical  schists,  near  Taira  south  of  Alwar  where  they  rest  on  granitoid 
gneiss  and  contain  gneiss  pebbles,  and  at  Marot,  north  of  the  Simbhar 
salt  lake,  where  the  bottom  beds  of  the  quartzite,  conglomeratic  with  rolled 
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and  suLanguIar  fragments  of  quartz  and  felspar,  rest  on  micaschists  pene- 
trated with  granite  intrusions'. 

In  the  Nfmach  area  the  lower  slates  and  limestones  of  this  system  rest 
anconformably  on  the  gneiss,  but  no  case  of  unconformity  with  the.  Ardvalli 
beds  appears  to  have  been  recorded.  The  complete  overlap  of  the  slates 
by  the  quartzites  which  are  conformable  to  them  is,  however,  in  itself  an 
ample  proof  of  the  unconformity  of  the  Delhi  system  to  the  underlying 
rocks. 

The  central  sections  of  the  Arivalli  exhibit  an  apparent  passage  of  the 
quartzites  into  the  gneiss,  one  section  in  particular  being  mentioned,  where 
alternating  mica  sch'sts  and  gneissose  beds  are  overlaid  by  schists  and 
quartzites,  then  a  two-foot  band  of  gneiss,  capped  by  the  Alwar  quartz- 
ites*. In  these  cases  it  is  probable  that  a  gneissose  granite,  intrusive 
along  the  bedding  planes,  has  been  described  as  a  gneiss,  or  the  so-called 
gneiss  may  be  merely  a  metamorphosed  arkose,  in  neither  of  which  cases 
would  there  be  any  proof  of  a  transition  between  the  true  gneiss  and  the 
Alwar  quartzites. 

In  the  hills  near  Hindaun  quartzite  sandstone,  associated  with  red  and 
black  slaty  shales  and  irregular  bands  of  limestone,  occurs  in  close  proximity 
to  the  jasper  beds  which  are  considered  to  belong  to  the  Gwalior  system.' 
No  actual  contact  is  seen,  but  the  distribution  of  the  two  types  of  rock 
leaves  no  room  for  doubting  that  the  quartzites  and  slaty  shales  are  the 
newer  of  the  two.  In  spite  of  their  likeness  to  the  beds  of  the  Delhi  system, 
and  the  absence  of  anything  at  all  resembling  them  among  the  Vindhyans, 
they  were  referred  to  the  latter  system*.  This  reference  appears  to  have 
been  due  to  the  supposed  difficulty  of  finding  time  for  the  deposition  of  all 
(he  transition  beds  of  the  Arivalli  range,  and  their  subsequent  disturbance, 
between  the  close  of  the  Gwalior  period  and  the  commencement  of  the 
Vindhyan,  the  beds  of  both  these  systems  being  almost  undisturbed.  The 
difficulty  regarding  the  time  required  for  the  deposition  of  the  transition 
beds  vanishes  if  we  recognise  two  distinct  systems  in  the  Arivallis,  the 
older  of  which  may  be  contemporaneous  with,  or  older  than,  the  Gwaliors, 
while  the  newer  is  younger;  and  as  regards  the  disturbance,  we  will  find 
when  we  come  to  deal  with  the  extra-peninsular  mountain  ranges,  that 
an  intense  and  extensive  disturbance  of  the  strata  has  taken  place  during 
the  tertiary  period,  and  even  within  the  latter  half  of  it.  The  time  required 
for  the  disturbance  of  the  Arivallis  may  consequently  be  reduced  to  a 
very  short  period,  geologically  speaking,  and  if  the  suggestion,*  that  the 
Vindhyans  bear  much  the  same  relation  to  the  Ardvalli  range  that  the 
deposits  of  the   Indo-Gangetic   plain  do  to  the  Himilayas,  is  correct,  the 


»  Records,  XIV,  294,  296,  298,  (1881). 

«  Records,  XIV,  297,  (1881). 

»  Records,  X,  90,  (1877)  ;  Supra,  p.  67. 


*  Manual,  1st  edition,  p.  52. 
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dibturbance  would  not  be  anterior  to,  but  contemporaneous  with,  the 
deposition  of  the  Vindhyan  beds. 

Under  these  circumstances  the  correlation  subsequently  adopted;*  which 
classed  the  quartzites  of  Hindaun  with  those  of  the  Aiwa r  group,  seems  the 
most  probable  one,  and  we  have  the  Delhi  system  established  as  newer  than 
the  Gwaliors.  This  conclusion  is  supported  by  the  occurrence  of  pebbles 
of  jasper,  closely  resembling  that  of  the  Gwalior  system,  in  the  lower 
beds  of  the  Alwar  quartzites,  north  of  Dhaulapani  and  in  the  Biina  hills. 

Before  leaving  this  system  we  must  notice  a  peculiar  form  which  the 
quartzite  locally  assumes  at  Kaliina,  near  D^dri,  in  Jind.  The  rock  is  here 
extensively  quarried  for  millstones,  and  in  some  of  the  quarries  it  has  become 
locally  converted  into  what  is  known  as  itacolumite,  or  flexible  sandstone. 
The  quartzite  in  its  natural  form  is  glassy^  and  the  individual  grains  of 
sand  have  become  coated  with  an  outgrowth  of  secondary  quartz,  giving 
them  an  irregular  outline  when  seen  in  section.  Generally  the  rock  appears 
to  withstand  weathering  extremely  well,  and  is  as  hard  and  glassy  a  few 
inches  from  the  surface,  as  in  the  depths  of  the  quarries;  locally,  however, 
decomposition  has  been  able  to  penetrate  into  the  rock,  and  it  has  wea- 
thered into  a  mass  of  very  irregular-shaped  aggregates  of  quartz  grains, 
held  together  by  the  interlocking  of  their  irregularities,  but  capable  of  a 
certain  amount  of  freedom  of  movement  over  each  other.  There  is 
nothing  to  show  why  this  peculiar  form  of  weathering  shouW  have  taken 
place  in  some  places,  and  not  in  others.  It  is  not  conHned  to  particular 
beds,  nor  is  it  continuous  for  many  feet  along  the  strike  in  the  same  bed'. 


Far  to  the  north  west  of  the  termination  of  the  Arivallis,  after  a  wide 
interval  of  plains  traversed  by  the  Sutlej  and  the  Rivi,  some  hiJls  occur  on 
the  sides  of  the  Chendb  at  Chiniot  and  Kir^na.  These  hills  are  only  40 
miles  distant  from  the  Salt-range,  but  the  rocks  are  totally  different  from 
any  that  occur  there,  and  correspond  well  with  those  seen  in  the  Arivalli 
range.  They  consist  of  strong  quartzites  with  associated  clay  slates,  form- 
ing steep  ridges  with  a  north-east  to  south-west  strike.  The  highest 
summit  is  stated  by  Dr.  Fleming  to  be  957  feet  above  the  plain.  The 
rocks  seem,  from  the  uncertain  observations  given  of  them,  to  be  in  a 
less  metamorphic  state  than  those  nearest  them  to  the  south  east,  a  fact 
which  agrees  with  their  remoteness  from  what  is  presumably  the  centre 
of  disturbance  of  the  region.  The  oldest  rocks  of  the  Salt-range  are  pro- 
bably, from  their  contrasting  petrological  conditions,  very  much  younger 
than  the  strata  of  Kirdna,  and,  as  the  former  are  at  least  Cambrian,  we  thus 
obtain  a  small  hint  of  the  age  of  these  transition  deposits 


'  C.  A.  Hackct,  Records,XiV,  288,  (1881). 
«  C.  A.  Hacket,  Records,  XIV,  285,  (1881)  ; 


H.  B.   Medlicolt,  Records,  VII,  jo,  (1874)- 
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East  of  Baroda,  at  the  south-west  extremity  of  the  Arivalli  region,  there 
is  ail  outcrop  of  rocks  which  must  be  referred  to  one  of  the  transition 
formations.  It  extends  some  twenty  miles  east  from  the  Pawagarh  hill,  for 
eight  miles  south  from  Champiner,  and  to  a  considerable  but  unknown  dis- 
tance to  the  north.  The  beds  of  this  exposure,  while  resembling  those  of 
the  Bij^war  system  in  general  character  and  state  of  metamorphism,  do  not 
contain  any  of  its  characteristic  rocks,  while  the  most  remarkable  rock 
of  the  exposure  is  wanting  in  the  Bijivvars.  For  this  reason  it  is  not 
possible  to  refer  them  to  the  latter  system.  So  far  as  can  be  judged  from 
the  description,  th*y  are  more  like  the  rocks  of  the  Delhi  system,  but  it  is 
impossible  to  definitely  refer  them  to  it,  owing  to  the  long  stretch  of 
unexplored  ground  that  separates  the  two.  Under  these  circumstances  it 
will  be  best  to  treat  them  under  the  name  of  ChampAner,  from  the  capital 
of  the  old  Mahomedan  kingdom  of  GujarcLt,  which  stands  upon  their 
margin. 

The  principal  constituent  of  the  Champaner  beds  is  a  quartzite  or 
quartzite  sandstone,  the  other  beds  being  conglomerates,  slates^  and  lime- 
stones, with  occasional  ferruginous  bands.  The  conglomerates  are  the 
most  distinctive  beds  of  the  Champiner  area  ;  the  matrix  is  a  coarse,  gritty 
sandstone,  containing  pebbles  and  boulders,  often  a  foot  in  diameter,  and 
occasionally  ranging  to  three  feet,  consisting  of  granite,  quartzite,  talcose 
slate,  and  crystalline  limestone,  but  none  of  typically  Bijawar  rocks. 
Cleavage,  which  is  well  developed  in  all  the  beds  which  are  susceptible  of 
it,  is  occasionally  seen  in  the  pebbles  of  the  conglomerate,  but  is  rarely 
distinguishable  in  the  matrix. 

The  passage  from  the  Champiner  beds  to  the  gneiss  appears  to  be 
gradual,  so  much  so  that  it  is  frequently  almost  impossible  to  determine 
where  the  boundary  should  be  drawn.  Within  the  tract  occupied  by  the 
metamorphics,  quartzites  are  found,  and  a  true  conglomerate,  containing 
rolled  fragments  of  quartzite  and  very  similar  to  that  of  the  Champiner 
beds,  is  found  among  the  gneiss  west  of  Jimbughora.  This  area  has  not 
as  yet  been  subjected  to  a  close  examination,  and  it  is  impossible  to  say 
whether  the  apparent  transition  is  a  real  one,  or  the  result  of  the  intense 
disturbance  which  both  the  metamorphics  and  the  Champaner  beds  have 
undergone.^ 

In  the  south  and  south-eastern  portion  of  the  country  west  of  the 
ArivalH  range  there  is  a  series  of  very  ancient  eruptive  rocks,  named  after 
the  Malini  district  of  the  Jodhpur  state.  They  consist  principally  of  very 
silicious  felsites,  so  hard  that  they  are  not  scratched  by  quartz,  and  have 


^  The  de-cription  in  the  text  is  based  on  that 
of  Dr.  W.  T.  Blanford,  Memoirs,  VI,  202, 
(1869) ;—  Mr.  R.  B.  Foote,  in  a  letter  received 
as  this  work  is  going  through  the  press  con* 


siders  that  the  Champdner  beds,  by  their 
mineral  character  and  degree  of  metamor- 
phism should  be  referred  to  the  Cuddapah 
rather  than  the  transition  systems. 
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frequently  the  appearance  and  texture  of  jasper.  They  vary  greatly  in 
colour,  from  black  or  dark-brown  to  pink,  blue,  or  white,  the  dark-coloured 
rock  being  always  hard  and  undecomposed,  whikt  the  light-coloured  varie- 
ties are  softer  and  appear  to  be  altered.  The  most  constant  character 
is  the  presence  of  small  crystals  of  felspar,  usually  of  a  pink  or  red  colour, 
in  addition  to  which  small  grains  of  transparent  silica  are  frequently 
disseminated  throughout  the  rock^  Their  extremely  silicious  nature  may 
be  due  to  alteration,  but  their  porphyritic  character,  and  the  occasional 
occurrence  of  ash  beds,  sufficiently  attest  their  volcanic  origin. 

In  places  diorlte  was  found  associated  with  these  rocks,  and  in  some 
of  the  hills  west  of  Balmer  coarsely  crystalline  granitoid  syenite  and  peg- 
matite are  intercalated  in  large  masses  with  the  porphyriticfelsites.  True 
granite  may  occur,  but  in  the  few  hills  examined  mica  was  absent,  al- 
though the  character  of  the  rock  was  distinctly  granitic.  The  presence  of 
similar  granitoid  rocks  elsewhere  is  rendered  probable  by  the  occurrence 
of  pebbles  and  boulders  in  some  of  the  later  formations. 

The  Malini  rocks  must  be  very  ancient,  but  no  idea  can  be  formed  of 
their  geological  position,  as  they  are  nowhere  associated  with  rocks  of 
known  age,  except  where  underlying  beds  of  comparatively  recent  date, 
and  nothing  resembling  them  appears  hitherto  to  have  been  detected 
elsewhere  in  India, 

They  have  been  regarded*  as  of  lower  Vindhyan  age,  since  they  occur 
undisturbed  in  close  proximity  to  the  highly  disturbed  slates  and  schists 
of  the  Arivallis.  They  have  not  as  yet  been  found  in  actual  contact  with 
the  older  rocks,  but  small  hills  of  both  are  found  standing  up  from  the 
recent  alluvium  and  irregularly  interspersed  with  each  other.  On  the 
other  hand,  nothing  at  all  resembling  the  Mal^ni  felsites  has  as  yet  been 
found  in  the  lower  Vindhyans  east  of  the  Ardvallis.  The  general  type  is 
that  of  a  much  more  ancient  rock,  and  felsites,  closely  resembling  those  of 
Jodhpur  except  that  they  are  not  porphyritic,  are  found  in  the  Toshim 
hilP,  dipping  at  high  angles  with  the  older  beds  of  the  Arivalli  range. 
Besides  this,  the  unconformity  between  them  and  the  overlying  sand- 
stones, which  are  regarded  as  upper  Vindhyans,  is  most  marked,  con- 
trasting with  the  very  much  lesspronounced  unconformity  between  the  lower 
and  upper  Vindhyans  of  the  typical  area.  The  correlation  of  the  sand- 
stones with  the  upper  Vindhyans  is,  however,  conjectural,  and  if  they 
belong  to  the  uppermost  members  of  the  system,  this  unconformity  would 
not  be  inconsistent  with  a  lowermost  Vindhyan  age  for  the  Malinis.  The 
age  of  these  last  must  remain  doubtful  for  the  present,  but  they  appear 
to  belong  to  the  transition  rather  than  the  Vindhyan  rocks. 

"  W.  T.  Blanford,  Recotds,  X,  17,  (1877).      »  C.  A.  McMahon,  Records,  XIX,  164,  (188®. 
*  Records,  XIV,  303,  (i88i).  »      -h  \        i 
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Reference    has  just  been   made  as  to  the  doubtful  propriety  of  classing 
the  Malini  beds   "with  the  transition  systems  and   a  similar  doubt  may 
almost  be  expressed  with  regard  to  the  Gwalior  and  Delhi  systems.     The 
former  of  these  finds  its  nearest  analogue,  as  regards   both  mineral  com- 
position and   degree   of  induration^    in  the  Cuddapah  system  of  Southern 
India,  and  Mr.   Footers  suggestion  that  the  equivalents  of  the  Champiner 
beds   must  be  looked  for  among  the  Cuddapah  rather  than  the  DhirwcLr 
deposits  of  Southern  India  has  been  referred  to.^    As  will  be  noticed  in  the 
next  chapter,  there  are  grounds  for  questioning  whether  the  Cuddapah 
system  should  not  be  classed  with  these,  among  the  newer  of  the  transition 
systems,  rather  than  with  the  Vindhyans.     However  this  may  be,  there 
seem  good    reasons  for  accepting  the  Delhi  and  Gwalior  systems  as  the 
newest  of  those  described  above.     Next  after  them  would  come  the  Bijawar 
and  Behar  systems,  the  latter  being  the  older  of  the  two,  and  finally  the 
transition  rocks  of  south-west  Bengal   and    the    DhcLrwcLrs   of  Southern 
India,  the  last  of   these  being  marked  out  as  the  oldest  by  the  greater 
degree  of  disturbance  and  metamorphism  it  has  undergone,  as  well  as  by 
the  manner  in    which  the  eroded  edges  of    its  upturned  and  metamor- 
phosed strata  are  covered  by  the  nearly  horizontal  basement  beds  of  the 
Cuddapah  system. 


There  can  be  little  doubt  that  rocks  corresponding  to  the  transition 

systems   will   be   found    extensively   developed    in    the    extra-peninsular 

''fountain  ranges,  but  as  yet  these  have  not  been  sufficiently  explored   to 

3//0W  of  their  separation  as  distinct  rock  series,  except  in  a  few  isolated 

^oca^lities. 

In  Hundes  and  Spiti  Mr.  Griesbach  has  separated,  under  che  name  of 
^'a^ikrita*,  a  series  of  beds  which  overlie  the  granitic  gneiss.  It  is  described 
^s  of  great  thickness,  varying  much  in  lithological  composition,  composed 
pri  i:i  cipally  of  micaceouj  schists,  talcose  rocks,  phyllites  and  gneiss.  The 
'^^'i^  are  now  found  occupying  the  cores  of  highly  co»npressed  synclinal 
folds^  ihe  crests  of  the  intervening  anticlinals  having  been  denuded  away 
^"^  t.here  is  now  an  apparently  continuous  succession  of  strata  across  the 
folds. 

Somewhat  similar  schistose  beds  occupy  large  areas  in  the  central  part 
^^     tht  range,  and  appear  to  extend  far  towards  its  southern  margin  in 

In  the  Dirjiling  district  Mr.  Mallet  has  described   a  series  of  beds,  said 
^^   te  transitional  with  the  gneiss,  under  the  name  of  the  Daling  series. 

*  Supra,  p.  73.  foot-note.  phos^d,  Memoirs,  XXIII.  41,  (1891}. 

'Said  to  be  the  Sanskrit  for  metamor-        '  Records^  VIII,  93,  (1875). 
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They  consist  of  light  green,  slightly  greasy,  slates,  sometimes  interbanded 
with  a  dark  greenish  grey  kind,  passing  insensibly  into  ordinary  clay  slates 
and  more  or  less  earthy  or  silvery  according  to  the  degree  of  alteration 
they  have  undergone.  There  are  also  bands  of  quartzite  and  quartz  flag^s, 
occasionally  some  hornblende  schist,  sometimes  slightly  calcareous  and 
passing  into  an  impure  dolomite  containing  crystals  of  actinolite.  This 
is,  however,  a  rare  and  exceptional  rock,  the  most  prominent  lithological 
distinctions  between  these  and  the  succeeding  Baxa  series  being  the  almost 
complete  absence  of  lime  and  the  rarity  of  the  brilliantly-coloured  alterna- 
tions of  slates.* 

The  distribution  of  these  beds  is  peculiar,  and  led  to  an  erroneous  idea 
of  their  position  being  formed  in  the  first  instance.  They  occur  along  the 
outer  (southern)  edge  of  the  gneissic  masses  of  D^rjiling  and  Daling,  in 
the  valley  of  the  combined  TistA  and  Ran  jit  rivers.  They  separate  these  two 
areas  of  gneiss  and  extend  on  the  northern  side  up  each  of  the  valleys, 
dipping  inwards  towards  the  gneiss  on  all  sides,  and  the  junction  is  de- 
scribed as  transitional,  except  for  a  portion  of  the  boundary  north  of  Dirjil- 
ing,  which  is  faulted.  On  the  south  the  apparent  passage  is  somewhat 
rapid,  but  on  the  inner  sections  the  Dalings  are  more  metamorphosed,  and 
the  distinction  between  them  and  the  gneiss  more  difficult  to  draw.  The 
form  of  the  outcrop  and  the  direction  of  the  dips  combine  to  convey  the 
impression  that  the  Darjfling  gneiss  lies  in  the  centre  of  a  synclinal  and  is 
newer  than  the  Daling  series. 

At  the  time  the  description  was  written  a  belief  in  the  possibility  of 
regional  mptamorphism,  that  is  to  say,  of  ordinary  sedimentary  rocks 
beingconverted,  within  a  moderate  distance,  into  true  schists  and  gneisses, 
was  still  held  by  many  geologists,  but  the  whole  tendency  of  recent 
investigations  has  been  adverse  to  this  opinion,  and  the  opinion  now 
prevalent  is  that  of  two  contiguous  series  of  beds  the  one  which  exhibits 
the  greatest  degree  of  metamorphism  is  pritnd  facie  the  older.  Added 
to  this,  the  apparent  dip  of  newer  beds  under  older  is  a  common  feature 
of  Himalayan  sections,  and  when  we  find  that  the  apparent  relation  of  the 
gneiss  to  the  Dalings  is  the  same  as  of  these  to  the  Damudas,  and  again 
of  the  Damudas  to  the  tcrtiaries,  it  is  impossible  to  escape  the  belief  that 
the  true  sequence  is  the  reverse  of  the  apparent  one. 

I  Memoirs^  XI,  40,  (1874). 


CHAPTER  IV. 

OLDER    PALiEOZOlC    (CUDDAPAH    AND   VINDHYaN) 
SYSTEMS   OF   THE   PENINSULA. 

^'<i^ir  palaeozoic  rocks— Reason  for  adopting  the  name— Southern  India— Cuddapah  sy^cftn 

Cuddapah  area — Kalddgiarea—  Karn(il  series— Cuddapah  area— Bhfm^  area  — God dvafi 

"v-alley— Pakhal  series— PengangA beds— Chhatfsgarh — Sullavai  series — Central  India— 
S—^ower  Vindhyans — Upper  Vindhyans — Relation  of  upper  Vindhyans  lo  the  Ar^valH 
K-ange — Vindhyans  west  of  the  ArAvalli — Source  of  the  diamond— Relative  ages  of  the 
K^CDck  systems  described. 

Tn  dealing  with  the  newer  group  of  systems,  intervening  between  the 

gneiss  and  the  lowermost  fossiliferous  beds  of  the  Peninsula,  we  are  met 

by       t_he    same    difficulty    as  with  the  transition  systems, — the  absence  of 

s^T%y    fossil  evidence  by  which  we  can  judge  of  the  true  position  of  the  beds. 

1^^   tills  case  the  absence  of  fossils  is  the  more  extraordinary  as  many  of  the 

str^.ta  appear  well  adapted  for  the  preservation  of  organic  remains   and 

ba.\?^^  undergone  no  disturbance  which  could  account  for  their  subsequent 

ot>li  deration. 

The  selection  of  a  general  name  for  the  beds  described  in  this  chapter 
IS  a.   difficult  task.     Omitting  purely  local  names,  they  have  been  classed  as 
^pper  transition,  azoic^  or  Vindhyan,  but  none  of  these  are  completely  satis- 
factory and  the  best  course  to  pursue  will  be  to  take  into  consideration  the 
strongly  marked  unconformity  that  exists  between  the  newest  of  them  and 
overlying  beds,  of  upper  palaeozoic  age,  together  with  their  general  litho- 
\ogical  character,  and  class  them  as  older  palaeozoic.     This  much  we  know, 
^^^a-t  they  must  be  considerably  older  than  permian,  but  it  is  as  impossible 
^0   decide   whether  some   of  the  oldest   may   not  be  precambrian,  as  to 
^^t^rmine    whether   they  may  not  to  some  extent  be    contemporaneous 
^'tli  part  of  those  classed  with  the  transition  systems. 

The  older  palaeozoic  strata,  as  defined  here,  are  principally  developed 
"^  t:wo  separate  areas,  one  in  the  Madras  presidency,  the  other  in 
^^*^t:ral  India.  There  are  besides  a  number  of  exposures  in  the  Goddvari 
^^d  Mahdnadi  valleys  in  which  the  beds  are  not  so  well  exposed  and  have 
be^n  less  studied  than  in  the  two  principal  areas. 

There  can  be  no  doubt  that  the  oldest  rocks  of  this  group  of  systems 
^^^   those  that  have  been  described   as  the  Cuddapah  system  in  Madras, 
^^d  they  will  consequently  stand  first  for  notice  hf  re. 


78  GEOLOGY   OF   INDIA— CUDDAPAH  AND  VINDHYAN.  [Ohap.  IV. 

The  rocks  of  the  Cuddapah  system  occupy  a  large  area  about  the 
middle  of  the  east  side  of  the  Peninsula,  where  the  coast  line  bends  from 
a  northerly  to  a  north-easterly  direction.  This  feature  is  probably  con- 
nected with  the  form  of  the  Cuddapah  basin,  which  is  of  a  roughly 
crescent  shape,  convex  to  the  west.  The  north-east  horn  of  the  crescent 
is  known  as  the  Pained,  and  reaches  to  Jaggayyapet,  a  few  miles  north 
of  the  Kistna  river ;  the  southern  termination  at  Tirupati  (Tripetty)  hill 
is  30  miles  north-west  of  Madras,  or  only  18  if  measured  to  the  outlier  at 
NcLgari  Nose.  The  town  of  Cuddapah  stands  in  a  south-central  position 
near  the  Penner  river.  Karnul  is  on  the  northern  edge  and,  further  south, 
Gooty  is  just  outside  the  western  border,  at  its  centre.  The  length  of  the 
basin  is  about  210  miles  and  its  width  95,  the  area  being  nearly  13,500 
square  miles. 

The  eastern  edge  of  the  basin  constitutes  a  well-defined  segment  of 
that  vaguely  expressed  general  feature  known  as  the  Eastern  Grhats. 
The  actual  face  of  the  highlands  is  locally  known  as  the  Yellakonda 
ridge.  It  is  a  flanking  member  of  the  Nallamalai  range,  which  is  formed 
by  a  belt  of  contortion  of  the  Cuddapah  rocks  along  this  side  of  their  basin. 
Between  the  hills  and  the  sea  there  is  a  zone  of  low  country,  formed  ol 
metamorphic  rocks  and  alluvium,  about  50  miles  wide,  constituting  the 
plains  of  the  Carnatic,  or  Piyan  Ghit  (country  below  the  Ghits),  in  the 
Guntur,  Nellore,  and  North  Arcot  districts.  The  elevation  of  this  ground 
at  the  base  of  the  hills  is  under  200  feet,  the  crest  of  the  Yellakonda  rising 
to  about  1,000,  and  the  summits  of  the  Nallamalai  to  3,500.  The  centre  ol 
the  Cuddapah  basin  is  occupied  by  the  broad  valley  of  the  Kundair,  the 
rocks  rising  again  to  form  a  steep  range  along  the  western  margin  ol 
the  basin,  2,000  feet  above  the  sea  and  overlooking  the  gneissic  upland 
of  Mysore  and  Bellary,  the  elevation  of  which  near  the  range  varies 
from  800  to  1,800  feet.  The  Madras  railway  enters  the  basin  at  Goot} 
and  leaves  it  at  the  southern  point  of  the  crescent,  while  the  Kistns 
river  adopts  a  very  similar  course  in  the  northern  limb.  The  watershec 
of  the  basin  lies  far  to  the  north,  and  the  Penner  receives  most  of  the 
drainage. 

More  than  a  third  of  the  area,  within  the  boundaries  indicated,  is  taker 
up  by  the  overlying  Karnul  series,  which  occupies  all  the  low  ground  ol 
the  Kundair  valley  in  the  middle  of  the  basin  and  another  large  space 
in  the  Palnad. 

The  Cuddapah  formation  has  been  divided  into  the  following  groups^ : — 

f  Quartzites  (Srishalam). 

Kistna  group,  2,000  feet      •        •         .        ••<  Slates  (Kolamnala). 

CQuart2ites  (Irlakonda). 

._,,,.  .  C  Slates  (Cumbum). 

Nallamalai  group,  3.400  feet        .         .         .^  Quartzites  (Bairenkonda). 

I  Memoirs,  VIII,  126,  (1872). 
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f  Slates  (Pullampet). 
Chqrjn-  jroop,  10,500  fca  .         .         .        .[  q„„h„  |N jg.ri|. 

The  groups  are  all  more  or  less  unconformable  to  each  other,  and  all  in 
turn  overlap  the  others  and  rest  directly  on  the  gneiss,  but  there  is  so 
marked  a  unity  of  character  running  through  all  that  it  is  necessary  to 
regard  them  as  a  single  system. 

The  distribution  of  these  groups  relieves  us  in  some  measure  of  the 
enormous  aggregate  thickness  of  20,000  feet  given  in  the  list.     Although 
^he  succession  may  be  taken  strictly  in  order  of  time,  it  is  scarcely  to  be 
supposed  that  there  was  ever  at  one  spot  a  continuous  superposition  of 
"fthese  strata  to  the  extent  of  their  aggregate  thickness.    Even  within  the 
present  rock-basin,  which  must  be  taken  as  only  a  part  of  the  area  of  deposi- 
tion, the  groups  are  local  and  discontinuous,  each  in  turn  overlapping  the 
one  below  it  and  resting  on  the  gneiss.     In  each  case,  however,  there  is 
more  or  less  of  denudation-unconformity,  as  well  as  overlap,  so  that  the 
groups  are  much  more  than  mere  horizons  o(  vtiriation  in  deposition. 

The  original  characters  of  deposition^  and  the  induced  characters  of 
disturbance,  are  closely  related  to  the  actual  boundaries  of  the  field.  All 
round  the  western  boundary  the  junction  is  natural,  and  the  deposits 
rest  as  originally  laid  down  upon  the  gneiss,  the  strata  having  undergone 
comparatively  little  disturbance.  On  the  east  side  of  the  basin,  on  the 
contrary,  there  has  been  much  contortion  of  the  strata,  the  boundary  is 
represented  as  faulted  and  the  beds  often  inverted.  The  lower  groups 
are  found  to  the  south-west,  and  are  gradually  overlapped  to  the  north 
and  east. 

In  each  of  the  groups  of  the  Cuddapah  series  sandstones  or  quartzites 

prevail  at  the  base  and  earthy  deposits  forming  shales  or  slates  above, 

limestones  often  occurring  with  the  latter.     The  Pipaghni  group  is  only 

found  between  theTungabhadra  and  the  Cheyair,  being  overlapped  in  both 

directions  by  the  Cheyair  beds.     It  takes  its  name  from  the  river,  in  the 

gorge  of  which  the  best  sections  are  seen.     Its  bottom  member,  the  Gul- 

cheru  quartzite,  rests  upon  an  uneven  surface  of  the  gneiss,  and  rises  up 

to  the  west  to  form  steep  cliffs,  over  an  undercliff  of  the  crystalline  rock. 

Although  the  contact  is  quite  sharp  the  two  rocks  are  often  connected 

together  into  an  adhering  mass.     A  considerable  thickness  at  the  base  is 

coarsely  conglomeratic,  the  pebbles  consisting  of  the  brecciated  veinstones 

and  banded  jasper-rocks,  which  form  prominent  outcrops  in  the  adjoining 

metamorphic  area,  but  no  pebbles  of  gneiss  or  granite  were  found  except 

at  one  spot.^    These  bottom  beds  are  described  as  shore  deposits. 

In  the   Vempalli    subdivision     of   the  Pipaghni   group  limestone  is 

I  Memoirs,  VllI,  158,  (1872). 
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largely  associated  with  the  shales,  and  intrusive  sheets  of  trap  are 
also  of  frequent  occurrence.  In  contact  with,  or  near,  the  trap  the  lime- 
stone often  contains  bands  of  serpentine  and  steatite,  as  may  be  seen 
close  to  Karnul,  where  the  Vempalli  band  has  overlapped  the  bottom  sand- 
stones, and  rests  directly  on  the  gneiss. 

The  Cheyair  group  is  well  exposed  on  the  Cheyair  river.  It  is  divided 
into  two  areas  by  the  Karnul  formation  stretching  southwards,  west  of 
Cuddapah,  into  contact  with  the  I^ipaghni  rocks.  The  constitution  and 
relation  of  the  Cheyair  group  in  the  two  positions  are  somewhat  different. 
In  the  north-west  area,  traversed  by  the  Penner,  the  bottom  band  of  sand- 
stones and  conglomerates  is  comparatively  unimportant.  It  is  there  described 
as  the  PuHvendala  (Pulavaindla)  subdivision,  from  a  town  40  miles  west  by 
south  of  Cuddapah.  North  of  the  Kistna  it  overlaps  the  Vempallis,  and 
rests  upon  their  denuded  surface  in  the  Penner  ground,  the  conglomerates 
and  breccias  being  largely  made  up  of  the  characteristic  chert-bands  of  the 
Vempalli  limestone.  Here,  too,  intrusive  sheets  of  trap  occur  in  the  PuH- 
vendala band.  The  corresponding  beds  in  the  southern  area  are  described 
as  the  Nigari  quartzites,  from  the  well-known  hill  near  Madras.  1  hey 
form  for  the  most  part  the  bottom-rock  of  the  Cuddapahs  resting  on  the 
gneiss  in  this  region.  The  conglomerates  are  here  made  up  of  pebbles 
of  quartz  and  quartzites  (which  are  themselves  sometimes  conglomeratic), 
and  occasionally  of  red-banded  jasper,  being  thus  more  like  the  Gulcheru 
beds  of  the  Penner  area. 

The  upper  dand  of  the  Cheyair  group  in  the  Penner  area  is  described  as 
theTidputri  (Todapurti)  beds,  named  from  a  principal  village  of  the  district. 
They  comprise  a  great  series,  in  which  slaty  shales  predominate,  with 
limestones,  eruptive  rocks  both  intrusive  and  contemporaneous,  ferru- 
ginous chert,  and  jasper  beds.  Although  not  greatly  disturbed,  the  shales 
are  to  some  extent  affected  by  cleavage  and  are  hence  qualified  as  slaty. 
Limestone  occurs  in  two  principal  bands.  It  is  a  finely  crystalline  grey 
rock,  with  much  segregated  chert,  which  often  assumes  very  fantastic 
shapes,  especially  in  the  upper  part  of  the  beds  and  near  trap-flows.  Of 
these  eruptive  rocks  there  are  many  strong  outcrops,  in  two  principal 
bands,  a  main  one  near  the  base  of  the  group,  and  another  two-thirds  up. 
The  only  rocks  that  can  be  certainly  classed  as  eruptive  are  coarse-grained, 
dark,  basic  diomrites,  someties  compact  and  of  grey  or  pale-green  colours. 
They  are  shown  to  be  contemporaneous  by  their  outcrop  being  continuous 
for  long  distances  between  well-marked  bands  of  aqueous  deposits,  but 
the  intervening  deposits  frequently  cease,  and  the  flows  locally  coalesce; 
moreover,  they  are  distinctly  confluent  with  intrusive  dykes,  as  is  well  seen 
in  the  small  bay  below  the  southern  flanks  of  the  Opalpdd  plateau,  20  miles 
east  of  Gooty.  Perhaps  the  strongest  argument  for  the  contemporaneity  of 
the  bedded  traps  on  this  horizon  is  the  fact  that  no  intrusive  i<^neous  rock 
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is  known  to  occur  higher  in  the  formation,  or  in  the  Karnuls,  and  this 
could  hardly  be  the  case  if  the  massive  bands  in  the  Tadputri  zone  were 
intruded  after  the  completion  of  the  sedimentary  series. 

In  this  group  there  are,  associated  wiih  the  traps,  porcellanic  beds  re- 
^embh'ng  those  of  the  Gwalior  system.  They  have  been  regarded  as  of 
volcanic  origin,  but  there  is  a  great  difficulty  in  supposing  so  highly  silicious 
^.n  ash  could  be  produced  by  the  same  series  of  eruptions  as  gave  birth  to 
tfie  unmistakcable  igneous  rocks  in  the  section.  They  do  not  in  any  way 
ensemble  any  known  product  of  volcanicactivity  and  their  associations  with 
ti^e  lava  flows  is  probably  fortuitous. 

In  the  Cheyair  area  the  Pullampet  slates  and  limestones  represent  the 
Tadputri  beds  of  the  Penner.  The  traps  and  porcellanic  beds  are  absent. 
The  limestones  are  again  silicious,  and  sometimes  they  are  brecciated  in  a 
\rcry  unaccountable  manner,  without  any  disturbance  of  the  strata.  Some 
lyc€5Lis  present  a  rugged  humpy  surface,  suggestive  of  a  coralline  formation, 
t>u^    no  organic  structure  has  been  detected. 

niie  Nallamalai  occupies  a  larger  area  than  the  other  groups,  principally 
oil       the  east  side  of  the  basin,  and  takes  its  name  from  the  range.     The 
63.1  renkonda  summit,  3,500  feet  above  the  sea,  gives  its  name  to  the  bottom 
band  of  quartzites.     In    the   Pdlkonda  range,   east   of   Cuddapah,  these 
qustrtriies  rest  with  slight  unconformity  upon  the  Cheyair   group.     In  the 
Pe  e:i  ner  area  the  strong  quartzites  of  the  Gondicotta  hills,  overlying  the 
TacJ  putri  shales,  are  on  the  same  horizon.     Here  the  beds  hav^-'c.o^entle 
«ort.h-easterly  slope  and  pass  under  the  Karnul  formation,  b^  when  they 
rise  again  to  the  east,  in  the  Nallamalai,  cqntprljflnJ^Afc  rule,  often  to  so 
extreme  a  degree  as  to  produce  fftl^  flexures  and   inversion.     In  the 
syi:ic:liiial  troughs  of  these^ont^tlons  the  upper  member  of   the  group, 
called  the  Cumbum  jl^f^^^'J^^        the  underlying  quartzites  rising  up  to 
^o^i>i  the  ridges.    >^ 

The  Cumbu/';,^^^^  ^^c  by  far  the  thickest  member  of  the  group, 
erthe  ffrf"^  ,  ., TK»v  arc  not  verv  uniform  in  coi 


oy  *er  the  gi^^rter  part  of  the  area.     They  are  not  very  unitorm  in  compu 
:::;-•    -^J^;:;' several  subordinate  bands  of  quart.he.  wU.ch  it  is  not 

reel, 
tal 


'»  '  T  "°,™u,d  to  di«i»s«ish  from  th.  «nd.rl)i«g  Bairenkonda 
■  <:h:"lf.r  hel?  e"pr"  ent  many  v.n..i»,  trom  f...,  riWery, 
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roid,  there  is  a  great  dome*shaped  mountain  known  as  Eshwarakuparo.  It 
is  composed  of  lower  Cuddapah  rocks  dipping  away  from  the  hill  on  all 
sides,  and  surrounded  by  NaHamalai  beds.  A  great  thickness  of  strata  is 
exposed,  but  it  is  not  easy  to  identify  them  specifically  with  the  groups 
already  described. 

The  plateau  through  which  the  Kistna  has  cut  its  gorge,  known  as  the 
Kistna  NaHamalai,  is  formed  of  beds  higher  than  the  NaHamalai  group  and 
unconformable  to  it.  These  beds  are  therefore  distinguished  as  the  Kistna 
group.  They  comprise  three  well-marked  divisions  ;  the  Irlakonda  quart- 
zites,  forming  the  plateau  of  that  name  on  the  west,  where  they  are 
1, 200  feet  thick;  the  Shrishalam  quartzites,  forming  a  higher  plateau 
to  the  north  and  east,  called  after  a  well-known  shrine  on  the  Kistna; 
and  the  intermediate  shales,  which  are  called  Kolamnaia,  after  a  stream 
that  traverses  them.  To  the  north  the  group  spreads  out  over  a  flat 
surface  of  gneiss,  and  to  the  east  it  passes  under  the  Karnul  beds  of 
the  Pained,  in  which  region  the  rocks  are.  again,  intensely  disturbed  on 
the  east.  This  group  is  supposed  to  be  also  represented  further  south  in 
the  Nallamalai,  but  the  evidence  is  not  decisive. 


In  the  south  Marithd  country^  on  the  southern  border  of  the  great  area 
occupied  by  the  Deccan  trap,  and  in  great  part  separating  the  trap-region 
from  the  gneissic  area  of  Mysore,  there  is  a  basin  of  somewhat  similar 
'icCr name|d  after  the  town  of  Kalidgi*,  which  lies  near  its  eastern  end.    lU 
peculiar  pnsihiQn  is  in  a  manner  accidental,  for  it  is  certain  that  the  whole 
of  this  basin  was  once  oversprea^rSJ**  the  trap,  which  still  stretches  con- 
tinuously along  the  crest  of  the  SahyidrSJor  some  distance  to  the  south,  and 
elsewhere  outliers  of  trap  are  found   resftiig  "oTr>^be  gneiss.     The  strata 
rest  with  total  unconformity  on  the  crystallines,  quite\>^i affected  by  meta- 
morphism,  and  are  considered  to  belong  to  the  Cuddapafc  system  on  the 
strength  of  a  general  resemblance  in  lithological  character,^^though  the 
particular  sub-divisions  of  the  Cuddapah  area  cannot  be  recogi^^d. 

From  the  Kistna,  below  its  confluence  with  the  Gatparba,  tho^Kalidgi 
rocks  stretch  continuously  westward  for   more   than   100   miles  iii^d  thei 
disappear  under  the  trap  forming  the  crest  of  the  Sahyddri.     In  thi^direc-  ^ 
tion  several  inliers  are  exposed  by  the  local  removal  of  the  basaltic  toven-  _. 
ing,  the  largest  of  which,  at  the  foot  of  the  F^hondaGh^t,  in  the  KonlOfcn,  ^^ 
probably  continuous  with  the  main  basin.     On  the  north  there  is  a  IVJ^ 
inlier  at  Jamkhandi.     In  all  of  these  inliers,  however,  only  the  lower  b'^ldL  ^ 
occur,  so  it  is  probable  that  the  formation  does  not  extend  far  beneath  ti^^ 
trap.     On  the  south  borders  of  the  basin  there  are  numerous  outliers    ^f 
the  bottom  ouart^ites   resting  on  the  gneiss,  both  on  the  uplands  of  tt:^> 

»  R.  B.  Foole,  Memoirs,  XII,  70,  (1876),  / 
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Deccan  and  in  the  Konkan.  The  Vengurla  rocks  and  other  small  islands 
off  the  coast  all  consist  of  the  very  hard  rocks  belonging  to  the  quartiitc 
series.  The  former  continuity  of  all  these  patches  of  rock  cannot  by  any 
means  be  asserted,  for  it  is  evident  that  the  deposits  took  place  upon  a 
very  uneven  surface  of  the  crystallines,  of  which  there  are  extensive  inliers 
within  the  main  basin,  as  at  Gokik. 
The  series  is  divisible  as  follows* : — 

l//>per  Kalddgi. 

Thickness, 

6.  Shales,  limestones  and  hsmalite-schists        .         .         .      2,000  feet 
5.  Quartzites,  local  conglomerates,  and  breccias        .     1,200 — 1,800 

Loicer  Kalddgi. 

4-  Limestones,  clays,  and  shales      .         •         •         .    5,000 — 6,000 

3.  Sandstones  and  shales        •         .         •         •         .^ 

2.  Silicious  limestones,  hornstojes,  or  chert y  breccias  >  3,000 — 5,000 

I.  Quartzites,  conglomerates,  and  sandstones  •         .^ 

The  bottom  conglomeratic  rocks  are  made  up  of  the  debris  of  the  ad- 
Joining  crystallines,  and  vary  with  the  composition  of  the  latter.  They 
generally  slope  up  towards  the  boundary  of  the  area  and  form  a  scarp  over 
^  basement  of  gneiss.  The  cherty  breccias  form  the  most  peculiar  and 
conspicuous  member  of  this  part  of  the  series.  Mr.  Foote  suggests,  with 
rtiuch  probability,  that  they  are  formed  by  the  decomposition  and  crushing 
c^f  the  highly  silicious  limestones  that  occur  on  the  same  horizon.  A 
la.rge  proportion  of  the  total  area,  forming  a  continuous  margin  to  the  basin, 
'X^ery  wide  on  the  south,  and  including  all  the  outliers,  is  farmed  of  the  lower 
m^nembers  (Nos.  i,  2,  3)  of  the  series,  and  in  this  position  the  rocks  are  very 
I  ittle  disturbed,  and  scarcely  at  all  altered. 

The  limestones  and  shales  forming  the  fourth  division  of  the  Kalidgi 
series  are  only  found  in  a  special  basin  of  depression  and  contortion  on 
^he  north-east  side  of  the  area.  They  generally  occupy  low  ground  and 
.sire  much  concealed,  but  may  be  fairly  seen  about  the  town  of  Kalddgi, 
exhibiting  much  disturbance.  Several  varieties  of  the  rock  are  very  homo^ 
^eneous  in  texture  and  variously  tinted,  making  pretty  marble. 

'Ihe  only  remnants  of  the  upper  Kalidgi  group  are  found  in  the  axes  of 
synclinal  flexures  within   this  special  basin,  their  preservation  being  evi- 
dently due  to  their  being  thus  let  in  and  encased  by  the  folding  of  the 
^hole  series,  so  that  the  maximum  of  disturbance  and  of  metamorphism  is 
exhibited   in   these   remains  of  the   topmost  beds  of  the  format  on.     The 
principal  of  these  elliptical  synclinal  areas  of  the  upper  groups  are  all  within 
a  short  distance  of  Kalidgi.     The  direction  of  the  axes  of  disturbance  is  very 
steady  between    west  by    north  and  west-north-west.     This     is  also  the 
direction  of  the  major  axis  of  the   basin   itself,   in    which  all  the    special 

Memoirs^  XII,  71,  (I876). 

G  2 


84  GEOLOGY  OF  INDIA— CUDDAPAH  AND  VINDHYAN       [Chap.   IV. 

contortion  seems  to  have  been  conceDtrated  on  the  north  side,  along  what  is 
now  the  lower  valley  of  the  Gatparba. 

Only  four  cases  of  intrusive  rock  have  been  observed  in  the  Kalidgi 
area,  and  all  in  the  region  of  disturbance,  in  the  highest  beds  ;  three  in  the 
Lokapur  basin,  and  one  in  the  Arakere  synclinal  valley.  They  are  of  com- 
pact, green  diorite,  unlike  the  older  diorites  of  the  gneissic  area. 


The  rocks  of  the  Karnul  series  lie  almost  entirely  within  the  basin 
of  the  Cuddapah  system,  where  they  are  found  in  two  separate  areas,  the 
larger  of  which  occupies  the  whole  of  the  Kundair  valley  and  stretches  to 
beyond  the  Kistna,  while  the  other  lies  in  the  district  known  as  the  Pained. 
The  series  has  here  a  total  thickness  of  only  1,200  feet,  less  than  that  of 
the  smallest  group  of  the  Cuddapahs,  and  might  be  regarded  as  a  member 
of  that  system,  a  view  which  has  been  urged^  on  the  ground  that  the 
unconformity  between  the  two  is  not  much  greater  than  those  between  the 
different  sub-divisions  of  the  older  system,  and  that  on  the  east  side  of  the 
basin  the  Karnul  series  has  felt  the  full  effects  of  the  disturbance  which  they 
have  undergone. 

Such  was  not  the  opinion  of  the  actual  observers,  who  described  the  un- 
conformity between  theCuddapah  system  and  the  Karnul  beds  as  sufTicicnt  to 
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Fig.  5.  Sketch  section  illustrating  the  relation  of  Cuddapah  and  Kamdl  rocks,  after  King. 

justify  the  separation  of  the  latter.'  This  claim  is  strengthened  by  the  oc- 
currence of  an  outcrop  of  beds,  referred  to  the  Karnul  series,  under  the  edge 
of  the  Deccan  trap  plateau  in  the  valley  of  the  Bhfmi  river.  Although  the 
westernmost  point  of  this  basin  is  separated  by  only  8  miles  from  the 
boundary  of  the  Kalddgi  area  of  Cuddapah  rocks,  and  though  each  basin  is 
over  100  miles  in  length,  yet  no  representative  of  any  of  therockb  found  in 
the  one  has  been  recognised  in  the  other.  If  the  reference  of  the  rocks 
of  one  area  to  the  Cuddapah  system  and  the  other  to  the  Karnul  series,  on 
the  strength  of  general  petrographical  resemblances,  is  to  be  trusted,  this 
indicates  a  change  in  the  areas  of  deposition  of  the  two  periods  sufficient 
to  justify  the  separation  of  the  rocks  formed  in  each. 


'  Manual^  ist  ed.,  p.  70. 

'  The  nature  of  this  unconformity  is  exhibit* 


least,  shows  the  interpretation  put  by  the  actual 
observer  on   t'le  observations  made    bv   him. 


cdby  the  sketch  section,  fig.  5,  which,  at  the     —  W.  King,  Memoirs^  VIU,  125,  (1872). 


Chap.  IV.]  karnOl  series.  85 

The  Karniil  series,  which  is  mainly  a  limestone  formation  with  subor- 
dinate bands  of  sandstone  and  shale,  has  been  divided  into  the  following 
groups' : — 

r  Shales  (Nandidl). 
Kundair  group  i  Limestones  (Koil  Kuntla). 

_» .  .  €  Pinnacled  quartz ites, 

Paniam  group  i  m  ^  -*   * 

*      *^  i  Plateau  quartzites. 

Jamalamadugd  group r  Shales  (Auk) 

t  Limestones  (Narji), 

Banaganpalli  group  •         .         •         .         .    Sandstones, 

The  Banaganpalli  groi4>  consists  of  sandstones,  generally  coarse,  often 
earthy,  occasionally  felspathic  or  ferruginous,  and  usually  of  dark  shades  of 
red,  grey,  and  brown  colours.     Pebble  beds  are  frequent,  the  pebbles  being 

small  and  numerous,  composed  of  quartzite  and  various  coloured  cherts, 
jaspers  and  hardened  shales,  evidently  derived  from  the  cherty  shales 
of  the  Cheyair  group,  on  which  the  Banaganpalli  beds  rest. 

The  Banaganpalli  beds  are  of  interest  as  being  the  principal  source  of 
the  diamond  in  the  Cuddapah  area.*  There  are  many  places  on  or  near 
the  Karnul  group  where  diamonds  have  been  worked  for  in  surface 
gravels,  but  at  Banaganpalli  these  workings  are  carried  on  in  the  solid 
rock.  Shallow  pits,  not  more  than  15  feet  deep,  are  sunk  in  the  rocky 
which  is  hard  and  quartzitic  at  the  surface,  but  turns  soft  and  easily  worked 
underground,  where  short  galleries  are  driven  in  the  diamond  layer, 
at,  or  close  to,  the  base  of  the  group.  The  diamonds  occur  in  some  of  the 
more  clayey  and  pebbly  layers.  Dr.  King  has  recorded  the  opinion  that 
they  are  innate  in  this  rock,  an  opinion  based  principally  on  the  perfection 
of  many  of  the  crystals.  In  the  case  of  so  hard  a  mineral  the  argument  is 
not  conclusive,  and  the  nature  of  the  rock  in  which  they  are  described  as 
occurring  certainly  suggests  that  they  are  of  detrital  origin.  It  is  rather 
mysterious  why  the  rock-workings  should  be  so  crowded  as  they  are  over 
certain  spots,  whilst  large  adjoining  areas  of  apparently  the  very  same 
deposits  are  left  quite  untouched.  If  this  irregular  distribution  of  the 
mines  be  only  due  to  a  delusion  of  the  diamond-seekers  there  is  still  a  very 
large  field  awaiting  exploration. 

The  Jamalamadugu  group  takes  its  name  from  a  large  village  on  the 
west  side  of  the  Kundair  valley.  It  is  composed  at  the  top  of  buff,  white, 
and  purplish  non-calcareous  shales,  well  seen  near  the  village  of  Auk 
(Owk).  They  have  a  maximum  thickness  of  50  feet,  and  pass  down 
gradually  into  a  finely  crystalline  or  compact  limestone,  generally  blue- 
grey,  sometimes  nearly  black,  and  occasionally  of  pale  buff  and  fawn 
colours.     A  very  inferior  lithographic  stone  used  to  be  obtained  fron  these 

>  Mifnoirs,  VHI,  30,  (1872).  |  *  Memoirs,  VIII,  96,  (187a. 
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beds,  and  the  rock  is  now  much  used  for  building,  large  quarries  having 
been  opened  near  the  railway  at  the  village  of  Narji,  by  which  name  the 
stone  is  known.  West  of  BanaganpalH  the  Narji  limestone  is  about  400 
feet  thick,  but  thins  out  both  to  the  south  and  north.  In  the  R^ichur 
Dodb,  about  Karnul,  it  rests  on  the  metamorphic  rocks,  where  it  becomes 
cherty  and  brecciated  in  a  peculiar  manner  and  is  described  as  a  shore 
deposit. 

Between  the  open  Kundair  valley  and  the  western  ranges,  or  Yel- 
lamala,  there  are  in  the  Karnul  district  some  low  flat  hills,  such  as  the 
plateaux  of  Upalp^d  and  Undutla,  Ihese  low  plateaux  are  composed 
of  a  sandstone  or  quartzite,  locally  intercalated  in  the  Karnul  lime- 
stones and  known  as  the  Pdniam  group,  after  the  town  of  that  name. 
The  greatest  thickness  of  the  quartzites  is  only  100  feet,  and  the  group 
'iisappears  altogether  to  the  north  and  south,  nor  has  any  sign  of  it  been 
observed  on  the  eastern  edge  of  the  basin.  An  upper  portion,  formed  of 
firm  white  sandstone,  has  been  distinguished  as  the  '  pinnacled  quartzites' 
from  its  mode  ot  weathering,  the  lower  beds,  or  '  plateau  quartzites,'  are 
coarser,  more  earthy  and  ferruginous,  of  various  rusty  tints. 

In  a  basin  of  slightly  disturbed  strata  the  uppermost  group  must  cover 
the  largest  area,  and  so  the  Kundair  beds  occupy  the  whole  valley  of  the 
Kundair.  There  is  a  thickness  of  500  to  600  feet.  The  upper  two-thirds 
of  purple  calcareous  shales  and  earthy  limestones,  distinguished  as  the 
Nandidl  shales  after  a  large  village  of  that  name,  pass  insensibly  down 
into  purer,  compact  and  crypto-crystalline,  flaggy  limestones,  known  as 
the  Koil  Kuntla  band,  from  atown  10  miles  south-east  of  Banaganpalli,  in 
which  small  papillae  resembling  casts  of  Cyprisy  and  numerous  discoidal 
markings  of  half  an  inch  to  two  inches  in  diameter  are  found.'  The  town 
of  Cuddapah  and  all  the  large  villages  in  the  centre  of  the  valley  are  on 
the  Nandicil  shales.  In  this  position  the  rock  is  soft  and  crumbling,  but 
to  the  south  and  east,  on  the  margin  of  the  mountain  region,  these  upper- 
most beds  of  the  whole  sedimentary  basin  are  quite  slaty,  being  cleaved 
and  contorted  proportionally  with  the  underlying  formations.  The  litholo- 
gical  character  of  this  group,  as  in  some  of  the  Cuddapah  groups,  changes 
to  the  north-west,  and  in  the  proximity  of  the  metamorphics  the  Koil 
Kuntla  beds  are  described  as  shore-deposits,  which  never  extended  much 
beyond  their  present  boundary. 

In  the  Pained  there  is  a  large  exposure  of  limestones  which  are  be- 
lieved to  be  of  Karnul  age,  and  even  the  sub  divisions  have  been  in  a  manner 
specifically  recognised  in  the  south-west  part  of  the  ground.*  The  limestone 
is  underlaid  by  a  diamond-bearing  sandstone,  which  has  consequent  ly 
been  supposed  to  represent  the  Banaganpalli  rock.  In  the  Palnad  country, 
however,  there  is  great  difficulty  in  distinguishing  this  rock  from  a  closely 

»  Memoirs,  VIII,  46,  (1872).  |         2  Memoirs,  VlII,  107  {1872). 
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associated  sandstone,  clearly  belonging  to  the  Cuddapahs,  but  of  the  Kistna 
group  at  the  very  top  of  the  Cuddapah  series  and  several  thousand  feet 
higher,  ^ratigraphically,  than  are  the  beds  of  the  Cheyair  group  underlying 
the  diamond  sandstone  of  Banaganpalli ;  such  at  least  is  the  position  made 
out  for  the  bottom  sandstone  on  the  south-west  of  the  Palnid,  towards  the 
expanding  rock-basin.  On  this  side,  too,  some  slight  unconformity  has 
been  pointed  out  between  the  Palndd  limestone  and  successive  masses  cf 
the  sandston^i  and  it  has  been  remarked  that  the  diamond  workings  here 
are  confined  to  the  rock  close  under  the  limestone,  so  as  to  suggest  the 
limitat  ion  of  diamonds  to  the  horizon  of  the  Banaganpalli  group.  All  round 
the  north-east  corner  of  the  basin,  however,  this  sandstone,  there  known 
as  the  Jaggayj'apet  quartzite,  rests  directly  upon  tlie  gneiss. 

The  leading  structural  character  of  the  Cuddapah  basin  is  maintained  in 
the  Palnid.  On  the  west  side  the  strata  are  comparatively  undisturbed, 
wliile  00  the  east  border  they  are  cleaved,  foliated,  and  contorted,  and 
appear  to  be  overlaid  by  a  natural  ascending  sequence  of  shales,  lime- 
stones and  quartcites,  above  what  have  been  described  as  the  Palnivi 
limestones,  and  so  these  upper  rocks  would  be  newer  members  of  the 
Karnul  formation.  According  to  another,  more  probable,  view  this  sequence 
is  deceptive,  being  due  to  total  inversion  of  the  strata,  the  top  quartzite 
being  really  a  Cuddapah  rock. 

On  the  north-westernborderof  the  Cuddapah  basin  the  Karnul  deposits 
are  described  as  overlapping  the  formations  upon  which,  for  the  most  part, 
they  rest,  and  lying  upon  the  gneiss  for  a  short  distance  up  the  Kistna 
val  ley.  Seventy-live  miles  further  in  this  north-westerly  direction  there 
is  another  area  of  rocks,  having  a  strong  likeness  to  the  Karnul  deposits, 
and  resting  throughout  their  entire  south-east  border,  for  a  distance  of 
more  than  100  miles,  immediately  upon  the  gneiss,  while  along  their 
entire  north-western  border  they  are  covered  by  the  Deccan  trap.  The 
width  of  the  basin  thus  exposed  is  exceedingly  variable,  both  bound- 
aries being  very  irregular  in  outline,  h  is  greatest,  about  25  miles,  where 
0\e  Bhimi  river  crosses  the  outcrop  nearly  at  its  middle,  and  from  this 
circumstance  the  name  of  the  river  has  been  taken  for  the  local  designa- 
tion of  the  rock  basin.^ 

The  Bhimi  series  is  mainly  a  limestone  forma  ion  which  has  been  divide 
ed  as  follows  in  the  central  portion  of  the  basin  : — * 

Ih id  nest 

(g)  Red  calcareous  shales 30  feet. 

\f)  Flaggy  Hmesione  beds       ....•• 

^)  fiuD  shales 18    ^ 

'  Affmairs,  XII,  139,  (1876).  J  •  Memoirs,  XII,  160,  (1^75). 
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Upper — contd. 

Thickness. 

(d)  Quartzites  (sandstone) 200  feet. 

(c*)  Blue  thick-bedded  splintery  limestone,  breccialed  in  part  200    „ 
(^')  Thin-bedded  limestone,  with  chert                •         .          .  20    „ 

(r)  Blue  and  grey  splintery  limestone,  occasionally  brec- 

ciated •  200    „ 

Lower. 

{)))  Purple,  red,  drab,  and  dark-green  shales,  with  calcareous 

flags  at  top  •         •        t         •  •        .         •        100    „ 

(a)  Quartzites  (sandstones)  and  conglomerates  .         •         •  60    », 

It  is  principally  in  the  south-western  part  of  the  area  that  the  bottom 
sandy  beds  are  developed  to  any  extent.  The  pebbles  of  the  conglo- 
meratic bands  are  derived  from  the  adjacent  metamorphics,  upon  a  very 
uneven  surface,  of  which  the  Bhimi  deposits  were  laid  down,  as  is  shown 
by  the  very  winding  outline  of  the  boundary  and  by  the  occurrence  of 
gneissic  inliers,  some  of  which  are  found  near  the  trap  of  the  north-west- 
ern edge  of  the  area.  There  is  thus  no  presumption  that  the  sedimentary 
basin  extends  far  beneath  the  eruptive  rock. 

At  Bachimali,  the  extreme  easterly  point  of  the  southern  expansion  of 
the  Bhimi  basin,  there  is  a  basement  pebble-bed  much  resembling  the 
diamond  layers  of  the  lower  Kistna  valley.  It  is  much  broken  up  by 
small  pits,  as  if  at  one  time  it  had  been  searched  for  diamonds,  but  there 
seems  to  be  no  local  tradition  of  any  having  been  found. 

The  upper  quartzite  is  quite  a  local  intercalation,  so  that  in  some  sec- 
tions the  series  is  almost  exclusively  made  up  of  limestone.  This  is  a  very 
fine-grained  rock  for  the  most  part,  with  a  texture  approaching  that  of 
lithographic  stone.  The  colours  are  very  various.  Grey  preva  ils,  but 
drab  and  pink  tints  are  common.  The  rock  generally  occurs  in  flaggy 
beds,  and  is  much  used  for  building,  the  pale  Cream  coloured  variety 
being  preferred,  although  the  grey  stone   is   the  more  durable. 

The  formation  has  undergone  very  little  disturbance,  and  the  inclina- 
tion of  the  strata  very  rarely  exceeds  from  2®  to  5°.  At  a  few  places  near 
the  boundary  some  crushing  and  faulting  has  taken  place,  as  at  Gogi, 
where  the  lowest  beds  are  vertical. 

There  are  some  patches  of  a  singular  limestone-breccia  resting  on  the 
gneiss  within  the  confines  of  the  Bhim^  basin,  as  west  and  north  of  the 
village  of  Yeddihali  in  the  Agani  valley.  The  brecciation  has  clearly  been 
caused  in  situ^  and  Mr.  Foote  conjectures  that  these  patches  may  be  rem- 
nants  of  a  former  .spread  of  the  KaUdgi  rocks. 

With  the  exception  of  a  doubtful  fragment  of  silicified  wood  (or  bone) 
found  by  Mr.  Foote  in  the  basement  conglomerate  close  to  the  village  of 
Kasakanahal,  just  within  the  Agani  valley,  no  traces   of  organic  remains 
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were  obtained  from  any  of  the  Bhfmi  rocks.  Mr. 'Foote  speaks  of  the 
limestones  as  a  pelagic  formation,  and  remarks  that  there  is  a  good  deal 
to  suggest  that  they  were  once  continuous  with  the  like  rocks  of  the 
Kamul  area,  and  that  they  have  been  separated  only  by  denudation. 


North  of  the  Kistna  some  outliers  of  highly  disturbed  quartzites  and  inter* 
bedded  limestones  have  been  recognised  as  belonging  to  the  Cuddapah 
system^,  and  north  of  these  a  large  spread  of  Cuddapahs,  originally 
described '  as  the  Pakhal  series,  extends  up  the  God^vari  valley. 

In  the  hills  east  of  the  Godivari  at  Albaka  the  series  is  described  as 
consisting  of  two  well-marked  members,  namely,  a  more  or  less  slaty 
division,  with  many  strong  bands  of  altered  arenaceous  beds,  and  at 
least  two  bands  of  limestone,  best  exposed  near  Pakhal ;  and  an  upper 
division  which  is  more  generally  arenaceous  in  its  composition.  The 
thicknesses  of  the  divisions,  where  best  developed,  may  be  reckoned  as — 

2.  Albaka  division      •<••...        2,500  feet. 

1.  Pakhal  division Sooo    „ 

Near  Pakhal  the  lower  division  can  be  divided  into  sub-groups  as 
follows  :— 

5.  A  slaty  band  with  thick  seams  of  quartzite  sandstone  .     3»6oo  feet. 
4.  Grey  and  fawn-coloured  silicious  limestones  •         .        300 

3.  Clay  slates  and  quartzites  .....        500 

2.  Silicious  limestone     .         .         .         .         .         •         •150 
I.  Quartzites,  with  a  few  slates 700 


These  sub-groups  are  not  constant  and  overlap  each  other.  The  lowest 
beds  are  frequently  conglomeratic  and  at  times  pass  into  strong  conglo- 
merates, which  rest  unconformably  on  the  gneiss.  The  upper  division, 
more  fully  represented  east  of  the  Goddvari  in  the  hills  which  run  parallel 
to  the  river  and  touch  it  at  Albaka,  is  described  as  essentially  a  sandstone 
and  quartzite  formation. 

The  Pakhal  outcrop  extends  in  a  north-west  direction  to  the  Maner 
river,  a  short  way  beyond  which  it  is  abruptly  cut  off  by  a  fault.  The 
rocks  become  gradually  less  indurated  in  this  direction,  the  shaly  beds 
finer  in  grain,  and  the  limestones  less  prominent.  In  the  Maner  valley 
the  shales,  fine  in  texture,  green  and  purple  in  colour,  and  much  banded 
with  thin  calcareous  seams,  closely  resemble  those  of  the  Cheyair  group. 

On  the  east  side  of  the  God^vari  there  is  another  large  area  extend- 
ing from  about  10  miles  south-east  of  Albaka  for  over  100  miles  to  the 
north-west.  In  this  exposure  the  upper  arenaceous  beds  are  largely  de- 
veloped,  but  there  appears  to  be  a  slight  unconformity  in  the  cliff  sections 

I  Records,  XVIII,  20,  (1885).  |  «  W.  King,  Aft  mnrs,  XVIII,  209.  (1880). 
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on  the  west  of  the  range  of  hills^  and  it  is  not  impossible  that  part  of  what 
has  been  here  classed,  and  coloured  on  the  map,  with  the  Pakhal  series  be- 
longs in  reality  to  the  Sullavai  service  which  succeeds  it. 

In  the  upper  Prinhtta  valley,  west  of  the  great  Wardhi  valley  coal- 
Tield,  a  series  of  limestones  and  shales  of  ancient  date,  known  as  the 
Pengangi  beds,  have  been  recognised  by  Dr.  King  as  identical  with  the 
Pakhal  beds  of  the  Maner  valley.  They  fall  naturally  into  a  lower  lime- 
stone and  an  upper  shaly  group. 

The  limestone  group  consists  of  pale  or  dark  grey  or  buff-coloured, 
seldom  red  limestone,  well-bedded,  with  occasional  layers  of  ribbon 
jasper.  It  is  overlaid  by  the  shale  group,  composed  of  fine-grained  earthy 
shales,  usually  some  shade  of  red  in  colour,  with  occasional  beds  of 
flaggy  limestone.  The  shales  have  often  a  nodular  structure  and  weather 
into  small  thin  discoidal  fragments  like  the  Talchir  shales,  for  which  an 
isolated  outcrop  might  easily  be  mistaken.  It  is  extraordinary  that  no 
fossils  have  been  found  in  these  beds,  whose  text^ure  is  eminently  fitted 
for  the  preservation  of  organic  remains,  while  there  has  been  no  subse- 
quent disturbance  or  metamorphism  to  account  for  their  obliteration. 

The  Penganga  shales  and  limestones  are  usually  found  resting  directly 
on  the  gneiss  without  any  representative  of  the  lowest  quartzose  conglo- 
meratic zone  of  the  Pakhals.  North-west  of  Edtabad,  however,  there  are 
said  to  be  sandstones  which  appear  to  dip  under  the  limestone,  and  a 
quartzite  is  recorded  as  occupying  a  similar  position,  in  the  hills  north 
of  Aksapur.* 

These  Pengangi  beds  were  regarded  by  the  earlier  observers,  and 
have  always  been  referred  to  in  the  Survey  publications,  as  of  Vindhyan 
aoe.  Further  on  we  will  return  to  the  discussion  of  the  validity  of  this  cor* 
relation,  but  in  the  meanwhile  it  may  be  noticed  that  the  evidence  in  favour 
of  identifying  the  Pakhal  and  Pengangi  beds  with  the  Cuddapahs  is  as 
stron<^  as  it  can  be  in  the  case  of  unfossiliferous  rocks,  where  there  is  an 
absence  of  absolute  continuity  of  outcrop.  They  were  unhesitatingly 
identified  by  Dr.  King,  who  examined  both  areas.  The  general  lithologi- 
cal  resemblance  is  described  as  very  close,  and,  though  the  particular  sub- 
divisions cannot  be  recognised  in  the  different  areas,  the  Pakhal  beds  were 
regarded  as  answering  to  the  Kistna  and  Nallamalai  groups.'  They 
exhibit  much  the  same  degree  of  induration  and  a  similarity  in  their  rela- 
tion to  the  gneiss,  and  to  the  rocks  of  the  transition  period,  and  the  case 
is  much  strengthened  by  the  occurrence  of  a  series  of  small  outliers,  in  the 
space  intervening  between  the  northern  limit  of  the  main  Cuddapah  area 
and  the  southern  extremity  of  the  Pakhal  outcrop. 


»  W.  T.  Blanford.    MS.  Report,  1866, 
•  Mtmairs,  XVIII,  224,  (1S81). 


*  Memoirs,  XVIII,  212,  (1881). 
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In  the  degree  and  nature  of  the  disturbance  they  have  been  subjected 
to,  tlie  Pakhal  beds  resemble  the  Cuddapahs.  Lying  at  low  and  gentle 
dips  throughout  the  western  portion  of  the  area  they  occupy,  they  are  com- 
pressed and  folded  at  high  angles  about  their  eastern  limit  in  the  neigh* 
bourhood  of  the  Singareni  coal-field. 

The  Cuddapah  beds  have  been  recognised  in  Bastir  territory,  where  the 
Indrawati  river,  at  Chitarkot,  falls  over  quartzites  that  rest  horizontally  on 
the  gneiss.  They  are  overlaid  by  limestones  and  red  shales,  which  over- 
lap on  to  the  gneiss  and  are  overlaid  by  a  yet  higher  series  of  quartzite 
sandstones.    The  country  has  not  been  examined  in  detail,  and  it  is  not  yet 

certain  whether  the  latter  belong  to  the  Cuddapahs  or  to  the  overlying 
unconformable  Sullavai  series.^ 

Further  north  Dr.  Ball  recognised  the  same  beds  on  the  plateau 
south  of  Tarnot,*  and  they  spread  out  and  occupy  a  large  area  of  the 
Mahinadf  valley  in  Chhalfsgarh,  where  they  have  been  regarded  by 
observers  working  from  the  north  as  Vindhyan.  They  are  described  as 
consisting  of  a  lower  group,  composed  principally  of  quartzitic  sandstones 
at  times  pebbly  or  even  conglomeratic  at  the  base,  and  an  upper  group 
of  limestones  and  shales*.^  The  shales  are  nearly  always  of  a  red  purple 
colour,  very  rarely  green  or  dirty  grey,  the  limestones  are  fawn-coloured, 
grey  or  even  black,  sometimes  pink  or  pale  reddish  purple,  thick-bedded, 
compact,  splintery  or  shaly  in  composition,  graduating  into  shale,  often 
seamed  with  chert  bands.  These  beds,  which  were  recognised  in  1866 
by  Dr.  Blanford  as  very  similar  to  the  Pengangi  beds,  occupy  the 
centre  of  the  basin  and  lie  with  easy  rolling  dips,  the  underlying  sand- 
stone band  forming  a  margin  round  the  outcrop,  where  it  is  often  turned 
up  at  high  angles. 

The  evidence  for  classing  these  with  the  Cuddapahs  is  not  at  present  as 
good  as  in  the  case  of  the  Pakhals,  seeing  that  the  intervening  ground  has 
been  only  cursorily  visited,  but  the  general  resemblance  is  close,  and  cer- 
tainly much  closer  than  to  the  rocks  of  the  overlying  Sullavai  series,  which 
must  now  be  noticf*d. 

Besides  the  beds  of  Cuddapah  age  Dr.  King  recognised,  in  the  Godivari 
valley,  a  series,  unconformable  to  the  Pakhals,  which  he  called  the  Sullavai 
series.*  They  consist  typically  of  a  massive  quartzite  sandstone  and  con- 
glomerate with  a  few  slaty  beds,  overlaid  by  generally  salmon  or  chocolate 
coloured  sandstones,  and  capped  by  a  strong  series  of  thin  and  thick- 
bedded,  very  pebbly  and  gravelly,  quartzites  or  indurated  sandstones,  which 
weather  in  the  peculiar  and  picturesque  manner  characteristic  of  the  pin- 
nacled quartzites  of  the  Karnul  serfes  in  its  typical  area. 

'  Mgmoirs,  XVIll.  £24,  (1881).  |        «  Records,  XVIII,  173,  (iSSsh 

«  Records,  X,  174,  (1877).  •  Memoirs,  XVIII,  227,  (1881). 
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The  thickness  of  the  series  where  best  developed  in  the  Dewalmari 
hills  and  in  the  western  outcrop  near  K^pra  are  stated  to  be^^ 

Kapra.  Dcwaaoiarl  hilli. 

3.  Kipra  quartxites  and  conglomerates       •        loo  feet.  700  feet. 

2.  Venkatpur  salmon  and  chocolate  beds    .        200    „  300    ,, 

I.  Enchardm  quartzites     •        .         •        .        900    „  600    ^ 

The  unconformity  of  the  Sullavais  on  the  Pakhals  is  indicated  by  both 
overstep  and  overlap,  yet  on  the  whole  there  is  a  remarkable  parallelism 
of  dip  between  the  two  near  Sullavai  itself.  Some  sections  are,  however, 
recorded  where  the  Sullavai  sandstones  rest  almost  horizontally  on  the 
eroded  edges  of  the  nearly  vertical  Pakhal  slates  and  quartzites. 

These  Sullavai  beds  were  recognised  in  the  hills  near  Dewalmari  and 
the  observation  is  important,  as  the  sandstone  of  these  hills  had  already' 
been  identified  with  that  of  the  exposures,  regarded  as  of  Vindhyan  age, 
east  of  the  WardhS  valley  coal-field.  According  to  Dr  Blanford  these  are 
white  and  purplish  quartzite  sandstones,  breaking  with  a  distinct  conchoi- 
dal  fracture,  and,  in  the  great  exposure  extending  from  Chimur  to  Mul, 
they  are  associated  with  a  more  or  less  felspathic  coarse  grit,  which 
decomposes  into  a  very  soft  rock,  easily  mistaken  for  Damuda  sandstone. 


There  is  a  much  wider  and  more  distinct  barrier  between  the  gfreat  nor- 
thern Vindhyan  basin  and  the  Chhatfsgarh,  or  upper  Mahanadf  area,  than 
between  the  latter  and  any  of  the  affiliated  rocks  to  the  south.  The  ridge  of 
gneiss  which,  to  the  west,  forms  the  well-raised  Uase  of  the  basaltic  plateau 
throughout  the  districts  of  Mandla,  Seonf,  Chhindwdri,  and  Betul,  and  to 
the  north-east  forms  the  highlands  of  Chutid  Nigpur,  is  interrupted  at  this 
point  and  the  Gondwina  deposits  stretch  across  from  the  Son  to  the 
Mahdnadf  valley.  The  watershed  between  the  Son  and  the  Mahinadf 
drainage  is  pretty  highj  and  is  occupied  by  Talchir  rocks,  probably 
of  no  great  thickness,  so  that  the  gneiss  most  probably  forms  a  rock- 
barrier  from  east  to  west,  though  of  course  it  is  open  to  question  when  this 
was  produced.  It  may  well  be  of  post-Gondwdna  age.  To  the  north  of  this 
barrier  of  gneiss  the  Cuddapahs  and  Karnuls  of  the  south  appear  to  be 
represented  by  a  great  series,  principally  composed  of  sandstones,  long 
known  to  geologists  under  the  name  of  Vindhyan. 

The  name  Vindhyan,  one  of  the  oldest  introduced  by  the  Geoh»gical 
Survey,  was  used  to  designate  the  great  sandstone  formation  of  Bundel- 
khand  and  Mill wi,  and  was  adopted  from  the    name  currently  applied  by 

>  Mtmoirg,  XVI  .1,  231,  (1881).  |    >  W.  T.  Blanford :  MS.  report,  1866. 
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^nglo-Iodian  geographers  to  the  scarped  range  along  the  north  side  of  the 
Karbadd  valley.  The  Vindhyan  system  ranks  third  in  superficial  extent 
^%vithin  the  rock-area  of  the  Peninsula,  occupying  in  a  single  basin  a  larger 
surface  than  the  combined  areas  of  any  other  formation  except  the  gneiss 
SLud  the  Deccan  trap.  The  form  of  the  basin  is  peculiar.  There  is  a  great 
^rca,  250  miles  long,  between  Chitor  on  ^he  west  and  Sdgar  on  the  east, 
SLud  235  miles  broad  from  Indargarh  on  the  north  to  Birwai  (or  Mortaka) 
on  the  south,  all  presumably  occupied  by  upper  Vindhyans,  although  a 
^ery  large  part  of  it  is  covered  by  the  trap  of  the  Mi\wA  plateau.  From 
Sagar  a  long  arm,  with  a  maximum  width  of  50  miles,  stretches  eastwards 
for  340  miles  to  Sdsserdm  in  Bchar.  Another  broader  tract  extends  north- 
^vards  from  Sagar,  and  passes  under  the  Gangetic  alluvium  between  Agra 
^nd  Gwalior.  The  gneissic  mass  of  Bundelkhand  lies  between  these  pro- 
longations. The  exposed  surface  of  the  Vindhyan  deposits  is  about  40,000 
square  miles  and,  with  the  area  beneath  the  trap,  the  basin  would  occupy 
^bout  65,000. 

Throughout  the  greater  part  of  their  border  the  Vindhyan  sandstones 
^re    unconformably    related   to   transition    or  gneissic  rocks,  but  in  the 
eastern  branch  of  the  area  in  Bundelkhand  and  the  Son  valley,  and  in  the 
neighbourhood  of  Chitor  and  Jhalra  Pitan,  they  rest,  with   little  or  no  un- 
conformity, upon     deposits    of    very   different  character.      These   lower 
beds  were  at  first  noticed  under  local  names  in  the  several  areas,  but  the 
convenience  and  fitness  of  having  a  common  name  for  deposits  so  nearly 
related  was  soon  felt,  and  the  term  lower  Vindhyan  has  been  used  in  this 
seose  in  spite  of  the  very  disproportionate  importance  ot  the  two  divisions 
so  established,  and  a  doubt  as  to  whether  they  are  really  members  of  the 
same  conformable  system. 


On  the  map  prepared  for  this  Manual  it  has  been  found  necessary  to 

'"^ke  one  colour  serve  for  the  lower  Vindhyans  and  the  Cuddapahs,  but  as 

^^^  lower  Vindhyans,  in  the  sense  here  used,  are  confined  to  the  margins 

^^  the  Vindhyan  basin,  this  is  not  likely  to  lead  to  confusion.    From  Sisse- 

'^^'^^j  at  the  extreme  east  end  of  the   area,  the  lower  Vindhyans  are  con- 

t'Huous  at  the  base  of  the   Kdimur  scarp  for  240  miles,  disappearing  at 

;"^    Son-Narbadd  watershed,  where  the  upper  Vindhyans   sweep    across 

^'^to    contact  with   the  transition  rocks.     The  greatest  width  of  the  lower 

"'^dhyans  across  their  outcrop  in  this  their  typical  area  is  16  miles,  just 

^^'"ere  the    Son   enters  its  main  valley  from  the  south.     At  some  points 

^^    t\\t  lower  reaches  of  the   river  their  outcrop  is  less  than  two   miles 

^'*de.     Some  small  inliers,  appearing  through  the  alluvium   in  Beharata 

*^^^rt  distance  east  and  north  of  the  termination  of  the  Vindhyan  plateau,  are 

^^st,  if  not  all,  of  them  of  lower  Vindhyan  rocks,  which  also  ciop  out 


I 
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from  b  eneath  the  upper  Vindhyans  in  some  of  the  valleys  on  the  north  side 
of  the  plateau  west  of  Sdsserim.  In  this  direction,  however,  the  lower  Vin- 
dhyans soon  disappear  and  at  the  lowest  level,  where  the  Ganges  washes 
the  base  of  the  plateau  at  Chandr  (Chunar),  only  upper  Vindhyans  are 
exposed.  The  concealment  of  the  lower  groups  is  probably  only  due  to 
depression  in  the  main  axis  of  t^e  basin,  for  the  very  same  rocks  appear 
again  beneath  the  Kiimur  sandstone  as  it  rises  towards  the  gneissic  mass 
cf  Bundelkhand. 

It  may  be  considered  certain  that  the  Semri  rocks,  under  the  Kdimur 
scarp  in  south-eastern  Bundelkhand,  are  the  same  as  the  lower  Vindhyans 
of  Son  valley,  but  their  appearance  on  the  north  is  much  more  irregular  in 
every  way,  a  circumstance  which  is  easily  accounted  for.  From  Chebu, 
close  to  the  Jumna,  they  are  seen  at  intervals  below  the  Vindhyan  scarp 
for  i6o  miles  to  beyond  the  Dhasdn.  The  principal  exposures  are  for  20 
miles  east  of  the  Dhas^n^  and  for  12  west  of  the  Ken  (Cane).  East  of  the 
latter  river  the  beds  are  totally  concealed  for  long  distances,  where  the  upper 
Vindhyans  pass  over  them  on  to  the  gneiss,  and  the  lower  formation  is 
only  visible  in  the  gorges  of  the  principal  streams.  About  Karwi  again, 
where  the  main  scarp  begins  to  trend  eastwards,  oblique  to  the  general 
strike  of  the  basin,  the  lower  Vindhyans  are  freely  exposed,  but  at  Bhita, 
where  the  Jumna  first  touches  the  rocks  of  the  plateau  a  few  miles  above 
Allahibd'i,  the  upper  Vindhyans  are  at  the  water  level,  the  position  being 
more  to  the  dip  of  the  basin. 

The  third  of  the  principal  exposures  of  lower  Vindhyans  lies  in  the 
extreme  south-west  corner  of  the  main  outcrop  of  the  system  and  extends 
from  about  10  miles  north  of  Chitor  in  a  southerly  direction  to  the  edge 
of  the  Deccan  trap,  whence  it  turns  eastwards  and  occupies  a  narrow 
strip,  with  irregular  boundaries,  extending  to  about  25  miles  south-east  of 
Jhalra  PAtan.  Besides  these  three  principal  exposures  there  are  some 
small  outliers  of  what  are  believed  to  be  lower  Vindhyans  resting  on  the 
disturbed  Alwar  quartzites  on  the  eastern  margin  of  the  Ardvalli  region, 
south-west  of  Karauli. 

The  classification  of  the  lower  Vindhyan  beds  wants  the  definiteness 
that  is  attainable  in  the  upper  Vindhyans.  There  are  no  well-marked  zones 
of  sub-division,  and  all  the  members  of  the  group  are  not  to  be  found  on 
every  section,  the  irregularity  being  partly  due  to  thinning  out  and  partly 
to  a  lateral  change  of  mineral  character.  The  want  of  constancy  is  more 
conspicuous  in  the  lower  members  than  in  the  upper,  a  direct  result  of  the 
mode  of  deposition.  The  first  beds  formed  were  deposited  on  an  uneven 
floor  of  the  older  rocks,  and  as  the  irregularities  of  this  became  smoothed 
off,  and  the  area  of  deposition  enlarged  by  gradual  subsidence,  the  con- 
ditions  of  sedimentation  became  more  uniform  and  gave  rise  to  more  uni- 
form and  constant  stratification  of  the  succeeding  beds. 


Clap.  IV.l 


LOWER   VINDIIYANS. 


?5 


The  following  sub>divisions  have  been  recognised  in  the  Son  vaHey ; 


] 


II.  Limestone. 

lo.  Shales.  }  Rohtis  group. 

9.  Limestone.  ^ 

8.  Shales  and  sandstone. 

7.  Limestone. 

6.  Shaly  sandstone. 


5.  Porcellanic  shales. 
4.  Trappoid  beds. 
3.  Porcellantc  shales. 
20  Limestone. 

I.  Conglomeratic  and  calcareous  sand- 
stone. 


These  lithological  chacacters  by  no  means  indicate  well  defined  or  con- 
stant horizons  in  the  series.  They  are  all  variable  and  pass  into  each  other, 
iDoth  vertically  and  horizontally,  by  interstratification  and  thinning  out,  or  a 
liorizontal  iseplacement  of  one  form  of  sediment  by  another. 

Ihe  lowest  two  groups,  wiiich,  strange  to  say,,  appear  to  be   in   some 
ciegree  equivalent  to  each  other,  are  only   found  in    the  Son  valley,  and 
doubtfully  in  some  outliers  near  Sisserdm.     They  exhibit  great  and  capri- 
cious variations  of  thickness,  which  can  only  be  explained  by  their  having 
"been  deposited  on  an  uneven  surface.     The  conglomeratic  beds  vary  in 
type  from  a  coarse  thick-bedded  conglomerate,  composed  of  slightly  rolled 
iragments  of  the  underlying  older  rocks,  6  to  8  inches   in  diameter,  to 
a  coarse  sandstone,  with  pebbles  of  quartz.     The  limestone  No.  2  is   also 
capricious  in  its  distribution.     It  is  in  part  a  tolerably  pure  limestone,  but 
is  for  the  most  part  hard  and  silicious. 

The  porcellanic  and  trappoid  beds  are  almost  sufficiently  described   by 

their   name.     The   porcellanic  beds,  mostly  grey  in  colour,  are  very  much 

like  the  beds  described  under  the  same  name  in  the  Gwaliorand  Cuddapah 

systems.     The  other  beds  interstratified  with  them  were  called  trappoid 

from  their  resemblance,  in  mineral  constitution  and  mode  of  weathering, 

^o  traps,  but  they  are  in  fact  composed  of  the  debris  of  crystalline  rocks 

H'hich   has  undergone  a  subsequent   induration.     Their  distribution  is  in 

Accordance  with  their  origin,  as  they  are  conspicuous  where  there  is  an 

abundance  of  crystalline  rock  close  to  the  boundary,  and   absent  or   very 

^lightly   developed    where  slates  are  the  chief  rock  exposed. 

The  divisions  Nos,  6,  7,  8  form  a  sub-group  of  limestones,  shales,  and 
^^ndstones  with  a  band  of  limestone,  thicker  and  more  prgminent  than  the 
Others,  about  its  centre.  Some  of  the  sandstone  is  described  as  lithologi- 
^«Llly  similar  to  that  of  the  Kdimur  group,  and  owing  to  the  dark,  often 
V^lack,  colour  of  the  shales,  they  were  once  mined  into  in  the  hope  of 
obtaining  coal. 

The  three  uppermost  members,  Nos.  9,    10,    i  r,   form   another  group 
for  which  the  name  Rohtis  has  been  suggested',  derived  from  the  ancient 
fort  of  Rohtisgarh.     Taken  together,  they  are  by  far  the  most  constant  of 
any  of  the  groups  of  lower  Vindhyans  in  the  Son  valley. 


>  F.  R.  Mallet,   Memovs,  VII,  28,  (1871).  | 
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The  beds  of  No.  6. are  described  as  being  almost  universally  ripple- 
marked  in  the  Mahanadi  tributary  of  the  Son,  besides  which  sun-cracks 
and  the  marks  of  rain-drops  are  very  common. 

In  Bundelkhand  the  Semri,  or  lower  Vindhyan,  beds  were  classified  by 
Mr.  Medlicott  as  follows^ : 

5.  Tirohin  limestone.  I  3.  Dulchipur  sandstones. 

4.  Pulkoa  schists.  '  2.  Semri  shales  and  limestone. 

I.  Semri  sandstone. 

These  are  not  all  represented  on  every  section.  In  the  easternmost 
exposures  only  the  Tirohdn  (Tirhowan)  limestone,  and  what  was  believed 
to  be  a  representative  of  the  Semri  sandstone,  are  seen.  The  Semri 
shales  die  out  near  Sh^hgarh  and  the  Semri  sandstone,  thinning  out  about 
the  same  place,  can  only  be  traced  to  the  Dhasdn  river.  Coincident  with 
the  decline  in  thickness  of  these  two  groups,  the  Dulchipur  sandstones, 
whose  most  easterly  limit  is  near  Chopra,  increase  in  thickness  and 
impoitance  and  come  into  direct  contact  with  the  Semri  sandstone  by  the 
overlap,  or  thinning  out,  of  the  Semri  shales.  At  the  western  end  of  the 
exposure  of  the  lower  Vindhyans  the  Dulchipur  sandstone  is  the  only  mem- 
ber  ot  the  group  represented. 

Though  none  of  the  sub-divisions  of  the  lower  Vindhyans  in  Bundel- 
khand can  be  identified  with  those  in  the  Son  valley,  the  general  resem- 
blance in  lithological  character,  and  more  especially  in  their  relations  to 
the  upper  Vindhyans,  is  such  as  to  make  their  identity  certain. 

The  two  uppermost  members  very  circumstantially  represent  the 
Rohtis  group  of  the  Son — the  thin,  sharply  bedded,  fine  grained  limestone 
of  very  variable  composition,  both  in  chemical  and  mechanical  ingredients, 
and  the  flaky  silicious  shales  between  which,  even  more  capriciously  than  in 
the  Son  area,  occur  the  most  complete  vertical  and  horizontal  transitions. 
When  the  Bundelkhand  ground  was  first  described  the  equivalence  of 
these  different  rocks  was  not  detected,  and  consequently  it  was  supposed 
that  the  shales  had  suffered  denudation  before  the  deposition  of  the  lime- 
stone, and  the  limestone  again  before  the  deposition  of  the  Kdimur  sand- 
stone, which  is  found  resting  directly  on  both.  In  one  form  or  the  other,  as 
shale  or  limestone,  this  group  is  found  from  end  to  end  of  the  outcrop, 
being,  like  the  Rohtcis  group,  the  only  constant  member  of  the  series. 

There  is  one  character  connected  with  the  limestone  in  Bundelkhand 
that  does  not  occur  in  the  Son  region.  It  is  almost  constantly  overlaid 
by  a  silicious  breccia,  not  detrital,  but  apparently  composed  of  thin 
layers  of  agate,  chert,  and  jasper,  shattered  in  places  either  by  con- 
cussion or  desiccation,  and  re-ccmented  by  sintery   or   hyaline  silica,  free 

»  Memoirs  II.  6,    i860). 
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from  sand  or  other  detrital  matter.  This  breccia,  which  is  adherent  to 
the  limestone  and  also  fills  cracks  in  its  upper  surface,  is  connected 
rather  with  the  Tirohin  limestone  than  with  the  overlying  Kdimur 
sandstone,  which  often  has  at  its  base  a  breccia  conglomerate  very  differ- 
ent in  character  from  the  Tirohin  breccia.  This  bed  is  sometimes  40 
feet  thick,  as  on  Panwiri  hill,  south-east  of  Tiroh^n. 

In  the  middle  area,  at  and  west  of  the  Ken,  the  Semri  sandstone  and 
the  overlying  shale  and  limestone  band  are  well  developed.  The  latter  is 
also  fairly  seen  in  the  gorges  of  the  Ranj  and  the  Boghin,  east  of  Panner, 
but  in  the  eastern  area,  about  Karwf,  the  Tirohdn  (Rt  htds)  limestone, 
very  free  from  its  familiar  shales,  is  with  one  exception  the  only  member 
of  the  series.  The  exception  consists  of  a  very  peculiar  bottom  rock 
covering  the  granitoid  gneiss.  Where  found  under  the  limestone  this  rock 
might  readily  be  referred  to  the  Tirohin  group,  for  it  often  has  layers  of 
dense,  fine  limestone  just  like  that  rock,  and  is  otherwise  chcrty,  as  is 
often  the  case  with  the  limestone,  but  it  is  largely  a  detrital  rock  com- 
posed of  quartz-sand,  felspar-grains,  and  (characteristically)  glauconite. 
Cherty  segregation  in  many  forms,*- spongy,  pisolitic,  amygdaloidal  or  dis- 
seminated,— gives  a  most  peculiar  aspect  to  the  bed.  This  rock  is  trace- 
able in  the  hills  south-west  of  Karwf,  the  most  north-weiterly  of  which 
about  A  kbarpur  are  altogether  of  metamorphic  rock,  and  have  a  pointed 
or  rounded  outline,  the  next  have  a  thin  cap  of  Kdimur  sandstone, 
but  the  sedimentary  beds  thicken  steadily  to  the  south-east,  and  at  the 
sacred  hill  of  Chhattarkot  the  gneiss  is  only  seen  at  the  base  on  the  north- 
west side.  At  the  high  elevation  of  the  junction  there  is  only  a  remnant 
of  the  cherty  contact  rock  coating  the  gneiss  under  the  Kdimur  sandstone, 
but  in  the  Chhattarkot  hill  the  contact  rock  occurs  under  the  limestone,  hold- 
ing its  position  as  a  true  bottom-rock.  At  a  few  places  in  the  eastern  area 
the  flaggy  sandstones  of  this  band  are  well  marked,  as  in  the  gullies  to 
the  south-east  of  Chhattarkot  hill,  and  they  become  more  developed  to  the 
west  or  north  of  Panna,  on  Bisrdmganj  Ghit,  where  they  arc  50  feet  thick. 
In  this  way  they  are  traceable  into  relation  with  the  Semri  sanclstone,  in 
which  also  glauconite  grains  are  of  common  occurrence. 

This  peculiar  contactrock  of  the  east  has  been  more  specially  noticed 
because  of  a  conjecture  that  it  may  possibly  be  an  original  nidus  of  the 
diamond.  A  common  form  of  it  is  a  semi-vitreous  sandstone,  or  pseudo 
quartzite,  of  a  greenish  tinge,  the  result  of  the  local  solidification  of 
sandstone  by  diffused  silica.  Large  pebbles  of  this  rock  are  very  abun- 
dant in  the  conglomeratic  diamond  bed  of  the  Rewi  shales  at  the  Panna 
mines,  and  it  is  said  they  are  broken  up  in  the  search  for  diamonds.^  The 
diamond-bearing  beds  of  the  upper  Vindhyans  are  now  at  a  much  higher 
level  than  any  existing  outcrop  of  the  Semri  beds,  but  it  is  very  probable 

^Memoifs,  II,  71,  (1861). 
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that  this  peculiar  rock  once  extended  OYcr  the  then  elerated  sarface  of  the 
gneissic  area. 

Both  in  the  Son  valley  and  in  Buodelkhand  there  are  iadications  that 
the  present  limit  of  the  lower  Vindhyans  is  not  very  far  from  that  of  their 
original  extension.  The  irregularity  of  the  lower  groups  in  the  Son  valley, 
together  with  the  coarseness  of  texture  of  the  lowest  member  of  the  group, 
show  that  they  were  deposited  on  an  uneven  floor  of  deposition.  The 
thinning  out  of  the  subdivisions,  except  those  forming  the  Rohtis  group^ 
east  of  Bardhi,  and  the  complete  absence  of  Nos.  6,  7,  and  the  sandstone  of 
No.  8,  are  evidently  due  to  this  area  having  escaped  the  sedimentation, 
which  went  on  elsewhere  Another  observation  of  importance  is  that  in 
the  outliers  to  the  south  the  lowest  conglomerate  is  much  thicker  than 
in  the  main  exposure,  indicating  an  approach  to  the  limits  of  deposition. 

In  Bundelkhand  the  original  limitation  of  the  lower  Vindhyans  is  most 
unmistakeably  exhibited  by  the  overlap  of  the  Kiimur  group  on  to  the 
gneiss  and  Bijiwars.  This  is  clearly  enough  seen  on  a  large-scale  geo- 
logical map,  where,  in  all  the  northern  prominences  and  outliers,  the  upper 
Vindhyans  are  in  direct  contact  with  the  older  rocks,  while  in  the  deep 
cut  valleys  draining  from  the  south  the  lower  Vindhyans  intervene.  It  is 
confirmed  by  the  record  of  sections,  where  the  lower  Vindhyans  are  seen 
to  be  banked  against  a  sloping  surface  of   Bijiwars. 

The  lower  Vindhyans  of  Chitor  and  Jhalra  PAtan  have  not  been  so 
fully  described  as  those  of  the  other  two  areas.  ITiey  consist  of  shales, 
limestone,  and  sandstone,  the  latter  often  conglomeratic  near  the  base  of 
the  series  and  sometimes  containing  boulders  that  range  up  to  three  feet 
across,  but  do  not  appear  to  contain  any  of  the  volcanic  or  pseudo- 
volcanic  beds  found  in  the  Son  valley.  No  unconformity  with  the  upper 
Vindhyans,  or  trace  of  one,  is  mentioned  as  occurring  in  this  area,  and  the 
beds  do  not  exhibit  that  degree  of  compression  which  is  seen  further  east. 
At  their  western  limit  they  rest  unconformably  on  the  gneiss  and  trans- 
ition formations,  but  along  the  southern  margin  the  boundary  is  formed 
by  the  overlying  Deccan  trap.  The  lower  Vindhyans  are  here  exposed 
in  an  anticlinal,  whose  southern  half  is  for  the  most  part  concealed,  but 
at  Jhalra  Patau  and  south  of  Rampuri  there  are  outliers  of  the  upper 
Vindhyan  sandstone,  intervening  between  the  lower  Vindhyans  and  the 
edge  of  the  trap.^ 

The  justice  of  classifying  these  beds  with  those  next  to  be  described  in  a 
single  system  is  open  to  question.  There  is  most  certainly  an  unconformity 
between  them  and  the  so  called  upper  Vindhyans.  This  might  be  inferred 
from  the  complete  overlap  of  the  lower  Vimlhyans  by  the  Kdimur  group 
But  there  is  better  evidence  than  this  in  the  very  different  facies  of  the  two, 

»  C.  A.  Hacket,  Kecvrds,  XIV,  291,  (1881). 
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the  lower  being  on  the  whole  argillaceous  and  calcareous,  and  the  upper 
arenaceous  and  argillaceous,  and  more  especially  in  the  sudden  and  wide 
spread  change  from  the  fine  grained  deposit^of  the  Rohtjs  to  the  coarse 
sandstone  of  the  Kdimur  group.  Apart  from  this,  the  occurrence  of  del»i  is 
of  lower  Vindhyan  beds  100  feet  above  the  base  of  the  Kiiniur  group 
shows  that  the  lower  Vindhyans  must  have  undergone  some  disturbance 
and  been  then  exposed  to  denudation* 

Two  deceptive  features  have,  however,  given  grounds  for  exaggerating 
the  importance  of  the  break  between  the  upper   and   lower  Vindhyans. 
Before   the  equivalence   of  the  upper  shale  and  limestone  of  the  Roht^s 
group  had  been  re  cognised,  it  had  to  be  assumed  that  one  or  the  other 
had  betn  very  extensively  denuded  before  the  deposition  of  the  Kiimur 
beds,  an  assumption  which  involved  much  irregular  superposition,  although 
none  could   be  detected    in   actual  sections.     The  other  deception  more 
iniportant,   because    it   involves  the   introduction   of  disturbance    uncon- 
formity, is  the  apparent   contortion    of  the  lower  Vindhyans   before   the 
Kiimur  period.     This  view  rested  upon  the  fact  that  the  lower  Vindhyans 
are  often  found  sharply  twisted  in  close  proximity  lo  the  perfectly  undis- 
turbed  Kiimurs   in    the  Son  valley.      The  upper  Vindhyans   themselves 
have,  no  doubt,  undergone  considerable  flexure  in  this  zone,  as  may  be 
seen  in  the   Son  area,   on  the   west  at  Bilheri  and  on  the  east  at  the 
Ghaggar.    But  these  broad  undulations  were  not  at  first  thought  sufficient 
to   include  the  frequent  flexures  seen  in  the  lower  rocks  which,  though 
^liarp,   never  seem  to  carry  the  beds  much  out  of  an   average   horizon, 
"This  opinion  had,   however,  to  give   way  to  the  fact  of  invariable  com- 
plete  parallelism  of  the   layers  of  the  two  formations  whenever  a  contact 
cz*ould  be  observed,  even  in  proximity  to  those  contortions.     It  is  important 
9^0  dwell  upon    this   observation,    because   some    unconformities   of  this 
«^lass,  reported  and    insisted  on   elsewhere,  rest  upon  no  other  evidence 
&han  that  found  to  be  fallacious  in  this  case.     It  may  even  be  suggested 
^hat  such  appearances  might  possibly  be  produced  independently  of  sny 
general   disturbance  of  associated  thick  and  thin,  or  hard  or  soft,  deposits 
mnerely  by  pressure  from  an  adjoining  elevated  mass  upon  yielding  un- 
<3erlying  beds,  as  occurs  in  the  familiar  case  of  the  'creep'  in  coal  mines. 

The  classification  of  the  strata  composing  the  upper  or  true  Vindhyans 
is  as  follows: — * 

Upper     .    .     •     13.  Sandstone. 
BUAMDER  (BuNDAiR)  .]  O^-  Shalcs  (Sirbu). 

Lower      .        .)ii.  Sandstone. 

10.  Limestone. 
9.  Shales  (Ganurgarh). 

'  F.  R.  Mallet,    Memoirs,  VII,  50,  (1871).      I     «  Memoirs,  II,  56,  (i860);  VU,  27,  (1871) 
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r  Upper        .         4      ^.  Sandstone. 
RewA        .        .         .]  {7-  Shales  (Jhiri). 

(,  Lovirer         .         .  j   6.  Sandstone. 

C  5.  Shales  (Panna). 

(  Upper        .         .{    ^   Sandstone. 
KAiMUK   KvMORt)    .j  ^3    Conglomerate. 

^  Lower        .         .  f    2.  Shales  iBijaigarh). 

^    I.  Sandstone. 

The  general  composition  of  tl>e  Vindhyan  rocks  19  as  uniform  as  their 
general  arrangement.  Although  chiefly  made  up  of  sandstones,  which  are 
the  coarser  type  of  detrital  deposits,  the  fineness  of  the  rock  throughout 
the  formation  is  remarkable.  With  the  exception  of  the  Kciimur  conglo- 
merate, which  is  constantly  present  as  a  bottom  ted  all  round  the  bound- 
ary in  Bundelkhand,  pebble  beds  are  of  rare  occurrence.  The  Kclimur 
conglomerate  is  everywhere  conspicuous  through  the  prominence  in  it  of 
bright  red  jasper  pebbles,  presumably  derived  from  the  jasper  bands  so 
abundant  in  the  Gwalior  formation.  Where  the  Vindbyans  rest  upon  the 
Gwalior  b'^.ds,  the  rock  is  rather  a  breccia  than  a  conglomerate,  the 
included  fragments  being  quite  angular.  The  amount  of  this  debris 
throughout  such  a  length  of  outcrop,  to  such  a  distance  from  the  nearest 
known  area  of  Gwalior  deposits,  suggests  the  extensive  removal  of  these 
peculiar  rocks  from  the  position  now  occupied  by  the  gneiss. 

There  are  general  characteristics  peculiar  to  each  of  the  great  sand- 
stones.  The  Kiimur  rock  is  fine  grained,  greyish,  yellowish  or  reddish 
white,  sometimes  speckled  brown.  False  bedding  is  frequrtnt  and  massive 
beds  are  abundant,  but  on  the  whole  the  bedding  is  of  moderate  thickness, 
sometimes  flaggy  and  shaly.  The  Rew4  sandstone  is  somewhat  coarser, 
and  generally  presents  a  mixture  of  massive  strata  and  false-bedded  flags. 
The  Bhander  sandstone  is  softer  than  that  of  the  lower  bands,  very  tine 
grained  and  generally  distinguishable  as  of  deep  red  with  'white  specks^ 
or  of  pale  tints  with  or  without  red  streaks.  The  beds  are  generally 
thinner,  and  not  more  than  6  to  18  inches  in  thickness,  but  massive 
beds  also  occur,  as  is  exemplified  by  the  great  monoliths  cut  from  the 
quarries  at  Rupbis  near  Bhartpur.  Ripple  marking  is  common  through- 
out the  greater  part  of  the  Vindhyans,  and  occurs  in  great  profusion  and 
variety  in  the  upper  Bhanders. 

The  different  shale  bands  of  the  upper  Viudhyans  do  not  present  any 
constant  distinctive  characters.  Thin,  sharply  bedded,  flaggy,  silicious  or 
sandy,  sometimes  micaceous  shales,  of  greenish  and  rusty  tints,  form  the 
prevailing  type  throughout.     Purely  argillaceous  shales  are  rare. 

In  the  main  Vindhyan  basin  diamonds  are  only  known  to  occur  in  the 
upper  Vindhyans.  Here,  as  elsewhere,  the  great  majority  of  the  diggings 
are  alluvial,  but  the  principal  workings,  upon  which  most  labour  is 
spent;  are  in  a  bed  at  the  very  base  of  the  Rew4  shales.     Notwithstanding 
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the  irwmeftse  rattge  of  this  group,  it  is  oiily  known  to  be  productive 
wiLlmi&m  a  small  area  of  the  Panna  state,  on  the  borders  of  the  Bundelkhand 
gneiss,  and  the  surface  diggings  are  coiilincd  to. the  same  neighbourhood. 
Hec*<^  again,  as  already  noticed  of  the  Banaganpalli  mines  in  Southern 
IndisLy  the  diamond  layer  is  conglomeratic  and  the  inference  would  seem 
to  l:^^  that  the  ^liamond  ocx:urs  as  a  pebble  with  the  others.  The  obser- 
vat:ioci  recorded^  that  a  particular  kind  of  those  pebbles  at  the  Panna 
niiiTft^:^  is  broken  up  and  searched  for  diamonds,  and  that  these  particular 
pebl>l<^s  are  derived  from  a  peculiar  bottom  bed  of  the  lower  Vindhyan 
seri^e;^,  would  of  course  point  to  this  latter  rock  as  the  original  nidus  of 
ih^   ^^^m.     But  the  observation  in  question  needs  confirmation. 

The  search  for  diamonds  in  Panna  is  not,  however,  confined  to  posi- 
tioti^  in  which  tlie  gems  could  be  derived  from  any  existing  outcrop  of  the 
R^^xx-^  shales.  There  are  numerous  pits  (all  apparently  surface  diggings) 
*"  time  gorges  and  on  the  slope  of  the  upper  Rewi  sandstone  south  of 
'^^-^^Kma,  and  at  a  much  higher  elevation  than  any  present  outcrop  of  the 
"^^^tiom  shales  or  of  the  lower  Vindhyans. 

TTlie  Bhander  limestone  is  the  most  variable  rock  of  the  series.  Some* 
tiiT^^s  there  is  a  considerable  thickness,  as  much  as  260  feet,  of  firm  stone  ; 
^^s^-^^^here  there  is  very  much  less,  the  carbonate  of  lime  being  apparently 
uiiiis^i^niiiiated  amongst  the  calcareous  shales  associated  with  the  limestone 
'^^^'^  partly  taking  its  place.  The  limestone  is  generally  earthy  and 
^^"^  «^%  ipact,  of  grey,  yellow  or  reddish  tints,  sometimes  purer  and  either 
co«ic%pact  or  crystalline.  It  was  in  this  rock,  at  Nagode,  that  fossils  were 
^*^o>Aght  to  have  been  found  long  ago  by  Captain  Franklin;  they  were  sup- 
P^^^^d  to  be  Gryphsea^  and  the  rock  was  on  this  account  assigned  to  the 
"^-s^  It  is  not  known  what  became  of  the  specimens,  and  repeated  search 
*^       t:lie   same    locality    has    failed    to   verify   the   discovery.     It  is   highly 

Probable  the  objects  discovered  were  not  organic  at  all,  and  quite  certain 

^*^^t   the  specific  determination  of  them  was  fanciful. 

The  mutual  relation  of  these  sandstones,    shales,   and   limestones  is 

'^ost    intimate   throughout   the    upper     Vindhyan    series.      The    passage 

"P^^'ard,  from  shale  into  limestone,  or  into  the  great  bands  of  sandstone,  is 

alvva^y^  more  or  less  gradual,  by  interstratification,  while  the  change  into 

snal^  at  the  top  of  the  great  sandstone  beds  is  as  generally  abrupt.     Both 

^     <^hief  and    minor    subdivisions    are   wonderfully  persistent    over   the 

^"^  of  the  great  basin,  all  being  found  in  both  the  eastern  and  northern 

«*^^^s  into  which  the  main  area  is  divided  by  the  Deccan  trap.     The  lower 

.  ^^der  and  lower  Rewi  sandstones  are  very  attenuated  in  certain 
^ic-^ctions,  but  there  is  an  equivalent  increase  in  the  thickness  of  the 
^^^^losing  shales.     \\\  certain  positions  also  the  great  bands  of  shales  thin 

*  Su^rm,  p.  97  ;  Uemoirs,  II,  71,  (i86a). 
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out  altogether,  and  the  main  sandstones  coalesce.  These  reciprocal 
variations  in  the  distribution  of  the  coarser  and  finer  deposits  have  distinct 
relation  to  position  with  reference  to  the  border  of  the  area,  the  shales 
being  in  force  towards  the  middle  of  the  basin,  and  being  replaced  by 
sandstones  near  the  margin,  showing  that  this  border  is  approximately  an 
original  limit,  and  that  the  actual  basin  corresponds  pretty  closely  with 
the  basin  of  deposition.  There  are  local  exceptions  to  this  condition,  and 
it  is  in  the  direction  in  which  these  exceptions  occur,  on  the  Arivalli 
side,  that  the  only  recognisable  distant  outliers  of  the  upper  Vindhyans 
have  been  observed. 

A  formation  so  constituted,  and  for  the  most  part  but  little  affected  by 
disturbance,  can  result  in  but  one  form  of  surface.  Accordingly  the  upper 
Vindhyan  area  presents  a  three-fold  plateau,  each  step  formed  of  one  of  the 
main  groups,  with  minor  plateaux,  terraces  or  ledges  corresponding  to  the 
various  subdivisions.  The  thick  sandstones  form  vertical  scarps  over  a 
talus  of  the  underlying  shales.  There  is,  moreover,  a  basin  shaped  lie  of 
the  beds,  apparently  to  a  great  extent  original,  whereby  the  surfaces  are 
rendered  more  or  less  concave,  and  the  edges  of  the  successive  scarps  of 
sandstones  scarcely  higher  than  the  outer  one,  composed  of  the  Kdimur 
rock.  From  this  arrangement  it  follows  that  the  upper  group  occupies  by 
far  the  larger  part  of  the  area,  even  the  middle  step  of  the  plateau,  the 
edge  of  which  is  determined  by  the  Rewi  sandstone,  being  chiefly  occupied 
by  the  lower  Bhander  shales. 

Over  almost  the  whole  of  the  area  occupied  by  the  upper  Vindhyan 
beds  they  lie  little  disturbed  and  almost  horizontal,  and  any  violent  effects 
of  disturbance  are  restricted  to  the  south -south-east  and  the  north-west 
margins  of  the  basin.  Two  local  exceptions  to  this  rule  may  be  noticed. 
In  the  Panwari  ridge,  south  of  Tirohin,  the  Rohtis  limestone  is  capped  quite 
horizontally  by  Kiimur  sandstone.  The  hill  is  more  or  less  detached  from 
the  main  plateau,  and  in  the  broken  ground  intervening,  the  sandstone  is 
found  dislocated  and  dipping  in  the  most  irregular  fashion,  quite  inex- 
plicable by  any  ordinary  mode  of  disturbance.  The  displacement  is  pio- 
bably  due  to  the  underground  solution  and  removal  of  the  Rohtis  limestone 
and  the  consequent  subsidence  of  the  sandstone. 

The  other  special  instance  of  disturbance  is  not  local  in  the  same  sense 
as  the  last,  as  it  is  probably  only  a  symptom  of  much  more  that  is  con- 
cealed. It  has  been  said  that  over  the  wide  expanse  of  Vindhyan  rocks 
between  Gwalior  and  Nimach,  the  Bhander  and  Rewabeds  lie  quite  flatly, 
and  it  has  been  presumed  that  to  a  considerable  extent  they  stretch  in  this 
manner  under  the  trap  of  Milwi.  Close  to  Jhalra  Pitan,  however,  at  the 
northern  edge  of  the  basaltic  plateau,  a  sharp  axis  disturbance  passes  from 
the  south-east,  beneath  the  trap,  to  the  north-west,  throwing  up  the  Vin- 
dhyan strata  in  an  anticlinal  flexure,  vith  dips  of  70°  on  each  side.  Along 
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beds  is  very  similar  to  what  we  may  infer  is  the  contact  between   the 

undisturbed  deposits  of  the  Indo-Gaiifvetic  plain  and  the  disturbed  beds  of 

the  Himalayas.     Moreover,  along  the  foot  of  the  Himalayas,  there  is  a  strip 

of  upper  tertiary  beds  which  have  been  disturbed,  but  to  a  less  degree  than 

the  older  beds  of  the  range,  while  the  equivalents  of  these  beds  are  believed 

to  occur  under  the  alluvial  plain,   in  perfectly  conformable  sequence  with 

the  most  recent  alluvium.     Now,   if  these  suppositions  are  correct,  as  is 

almost  certainly  the  case,  we  can  imagine  that,  after  ages  of  denudation, 

the   upper   tertiary   rocks   of  the   Siwilik   zone  will  be  almost  removed, 

and  the  northern  boundary,  of  what  is  now  known  as  the  Indo-Gangetic 

alluvium,  will  then  exhibit  very  much  the  same  features  as  the  boundary  of 

the  Vindhyans  towards  the  Arivalli   range  now  does.     The  upper  beds 

will  be  in  contact  with  highly  disturbed  rocks  of  much  more  ancient  date 

along  a  great  line  of  fault.    Beyond  this  will  be  a  few  outliers  composed  of 

the  lower  beds  of  the  series,  the  Siw^liks  of  the  present  classification,  and 

to  the  north  of  these  there  will  be  a  broad  exposure  of  the  wreck  of  a 

mountain  range. 

In  the  case  of  the  Himalayas  the  fault  has  been  gradually  formed  pari 
passu  with  the  deposition  of  the  Indo-Gangetic  alluvium,  which  is  contem- 
poraneous in  its  origin  with  the  principal  elevation  of  the  Himdlayas  and 
formed  of  the  debris  of  that  range. 

It  is  natural  to  suppose  that  the  similar  structure  in  the  case  of  the 
Ardvallis  indicates  a  similarity  of  origin,  and  that  the  great  Vindhyan 
spread  of  Central  India  is  formed  of  deposits  which  bore  the  same  relation 
to  that  range  as  the  Indo-Gangetic  alluvium  docs  to  the  Himalayas. 

The  suggestion  is  an  important  one  since  it  would  fix  the  period  of  the 
formation  of  the  Arivalli  range,  or  at  any  rate  of  its  principal  importance, 
as  contemporaneous  with  the  deposition  of  the  upper  Vindhyan  rocks  that 
were  formed  of  its  debris.  It  would  account  for  the  greater  prevalence  of 
sandy  beds  near  this  margin  of  the  deposit  and  would  place  the  original 
limit  of  deposition  not  very  far  beyond  the  present  limit  of  the  outcrops. 

Allusion  has  been  madc^  to  some  small  outliers,  believed  to  be  of  Vin- 
dhyan age,  which  occur  on  the  north  and  west  Bundelkhand  gneiss. 
They  differ  much  in  character,  and  their  peculiarities  of  composition  may 
help  to  explain  their  apparently  anomalous  position.  Although  the  gneiss 
reaches  high  up  under  the  scarp  of  Kaimur  conglomerate  all  round  the 
western  border  of  the  area  which  is  described  as  a  local  edge  of  deposi- 
tion, these  small  outliers  occur  at  the  level  of  the  low  country.  If  they 
agreed  in  Composition  with  the  rocks  of  the  main  area,  which  are  so  strik- 
ingly constant  in  this  respect  within  that  area,  the  fact  might  be  at  once 
explained  by  a  subsequent  change  of  level,  but  such  is  not  the  case. 

•  Supra,  p.  29. 
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The  most  curious  of  these  outliers  form  a  very  broken  chain  running 
to    ^cuth-south-east  from  close  under  the  Pir  scarp  at  Lddera  (7  miles  east 
of    ^Antri)  to  Uchar  on  the  Sind  river.     Most  of  the  exposures  are  quite 
le v^l  with  the   plain,  or  only  to  be  seen  in  the  beds  of  streams.     In  a  few 
C3.ses,  as  at  Lidera  and  Pichor,  they  form  narrow  ridges  up  to  300  feet  in 
Height.     The  rock  is  sandstone  of  the  upper  Vindhyan  type,  and  at  the 
north  end,  close  to  the  PAr  scarp,  it  contains  large  angular  pieces  of  the 
banded  Morir  shales.    Elsewhere  it  is  quite  free  from  coarse  debris  of  any 
kind.     From  many  clear  sec  tions  it  is  quite  evident  that  these  ribs  of  sand- 
stone once  filled  a  more  or  less  continuous  run  of  cracks^  fissures,  chasms, 
or  small  valleys  in  the  gneiss.     On  both  sides  of  the  Pichor  ridge  the  gneiss 
resiches  well  up  on  the  sides  of  the  sandstone  mass,  with  vertical  surfaces 
of  contact.     In   the   low  ground,    at   the  point   of  the  ridges,  and  in  the 
sonall   outliers,  thin  vein-like  runs,  of   3  feet    wide  and  upwards,  of   the 
sandstone   are   well   seen,   completely  let  into  the  gneiss,  as  it  might  be 
filling   an    emptied   trap-dyke,    the   rootlets   of   the  wider  chasm  above. 
Ev^ii  in  the  larger  masses    no    bedding    is   visible    but    sometimes,   at 
tile       edge    of    the    mass,   planes   of  pseudo-lamination    and  even  ripple 
'J»3.rlced    surfaces    occur  parallel   to  the   vertical    wall    of  gneiss.       The 
hnos    of  ripple  were  horizontal,  and  the  steep  face  of  the  ripple  turned 
"^^^'nwards    in  every    case  observed.     Some  of    these  features  seem  to 
"ccr^ssitate  the  supposition  that  the  sandstone  was  let  into  this  position 
'^y  disturbance^  butall  the  other  circumstances  have  suggested  theexplana- 
tioi^    given. 

-At  Mahdrcljpur,  10  miles  south  of  Antri  and  1^4  miles  east  of  the  Vin- 

*^>'^.n  scarp,  there  is  a  small  group  of  hills,  about  three  square  miles   in 

^^^^nt,  formed  of  fine  sand  stoneoy^rfymg  about  fifty  feet  of  flaggy  shales, 

^^^^^    of  Vindhyan  type,  ^^^hestrata  are  greatly  dis^turbed,  but  most  irre- 

?>^liArly,  as  if  com pn;8ged  from  every  side.      Although  so  much  broken,  the 

^^"^  *<-  is  quite  free^irom  vein  quartz,  which  is  also  a  general  character  of  the 

**^tdhyans  a^/^mpared  with  the  Gwalior  strata. 

The  srsYall  h'rils  of  Sonir,  10  miles  south-east  of  Natwar,  and  of  Mohdr 

^    ^^ilej^arther  in  the    s=ame  direction,    present  the  same  characters  of 

^^ position    and  disturbance  as  at  Mahirijpur.     At  Mohdr  a  trace  of  the 

^*liiur  conglomerate  occurs  in   the  sandstone  above   the  shales,  which 

^^^r  a  considerable  area  round  the  base  of  the  hill,  and  may  be  looked 

^^^11  as  lower  KJimur. 

A   consideration  of  all  the  peculiar  circumstances  of   these  outliers 
^'^uld  seem  to  suggest  that  they  may  represent  small  local  basins  of  the 
^Pper  Vindhyans.     It  seems  that  the  process  of  denudation  all  round  the 
^^Xidhyan  area  has  been  to  decompose,  and  remove  the  chemically-consti- 
pated mctamorphic  rocks    which  once  formed  high  land  around  the  scdi- 
^«^ntary  basins,   whether  this  relation  were  original  or  due  to  subsequent 
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warping  of   the  surface,   leaving  the  softer  but  undecomposable   detrital 
rock  to  project  where  once  had  been  depressions  of  the  surface. 

To  the  west  of  the  Aravalli  range  there  are  numerous  exposures  of 
horizontal  sandstones,  mostly  hard  and  usually  more  or  less  red  in  colour, 
with  occasional  strings  of  pebbles.^  They  are  frequently  false  bedded  and 
show  ripple  marks  on  the  surfaces  of  the  slabs.  With  these  there  occur 
exposures  of  a  compact  grey  cherty  limestone  which  is  believed  to  oveilie 
the  sandstone,  though  no  actual  contact  sections  have  beer,  observed. 

Wherever  these  sandstones  rest  on  older  rocks,  whether  of  the  Malini 
series  or  the  tilted  beds  of  the  Ardvallis,  the  relation  is  one  of  complete  un- 
conformity,  usually  accompanied  by  a  band  of  strong  conglomerate  at  the 
junction.  On  the  east  of  the  Arivallis  a  similar  unconformity  is  to  be 
observed,  but  the  western  beds  are  even  more  markedly  superficial  with 
respect  to  the  older  rocks,  which  must  already  have  been  disturbed  and 
elevated  into  a  mountain  range  at  the  time  of  their  formation. 

The  outcrops  of  these  beds  are  scattered  over  a  large  area  in  western 
RAjput^na,  but  they  are  for  the  most  part  individually  small  and  surround* 
ed  by  sandhills  and  alluvium.  It  is  consequently  very  difficult  to  make  out 
the  true  thickness,  or  even  the  superposition,  of  the  beds  in  the  different 
exposures,  and  it  is  possible  that,  in  the  neighbourhood  of  Pokaran,  beds 
which  have  been  coloured  as  Vindhyan  are  really  much  newer.  The 
sandstones  are  darker  in  colour,  somewhat  softer,  and  contain  more  pebbles 
than  near  Jodhpur  and  are  distinctly  underlaid  by  a  boulder  bed  consisting 
of  a  fine  matrix  through  which  numerous  large  blocks,  many  of  which  show 
distinct  signs  of  glaciatidn,  are  scattered.  There  is  no  record  of  such  a 
formation  havingbeenjihserved'arthsh^  of  the  Vindhyans  further  east 
mTaTsimilafglaciarb^^  bed  near  Bip'^WS^garded  as  Talcliir.  If  the 
two  are  identical  the  Pokaran  sandstones  wou|3Nwj1^"S  ^^  ^'^^  Gondwina 
sjstem.  They  differ,  however,  in  type,  from  any  oK^*^^  ^^"^^'^°^s  ^f 
western  Rijput^na  which  can  be  referred  to  that  period^jP^  ^^^  glacial 
beds  differ  from  those  of  Bip  in  being  interbedded  with  dior^'^  ^^^1*  ^"^ 
ash  beds,  and  in  the  absence  of  boulders  of  the  supposed^^^^'^J'^" 
limestone,  which  are  extremely  abundant  in  the  boulder  bed  of  BiSt* 

In  degree  of  induration,  lithological  character,  and  relation  to  th^"^^^ 
beds  of  the  Arivallis,  these  sandstones  and  limestones  closely  resemblA^'^® 
Vindhyans  to  the  east,  and  they  are  regarded,  with  a  strong  show  of  pr^^' 
bility,  as  of  that  age  But,  on  the  hypothesis  of  the  relation  between  t V 
Ardvalli  range  and  the  upper  Vindhyan  sandstones  which  has  been  prdC 
posed  above,  there  can  never  have  been  any  continuity  between  the  out- 
crops  on  either  side,  and  it  is  incorrect  to  speak  of  the  Jodhpur  beds  as 
outliers  of  the  Vindhyan  basin.    They  must  have  been  formed  contempora- 

»  Records,  XIV,  899,  (1881).  |  s  Iiecor<is,  XXI,  32,  (1888).  I 
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neously  in  an  independent  basin  of  deposition  and  the  connection  between 
the  two  would  be  similar  to  that  which  subsists  between  the  recent  deposits 
north  of  the  Himalayan  range  and  the  Indo*Gangetic  alluvium. 

The  rock  systems  which  have  been  described  in  this  chapter  are  remark- 
able as  being  the  source   to   which  all  the  diamonds  found  in  India — if  we 
except  the   reputed  occurrence  of  diamonds  near  Simla — can   be  traced, 
though  the  actual  workings  are  more  commonly  in  recent  stream  gravels.* 
In  Southern  India  the  principal  source  of  the  diamond  is  the  Banagan- 
palli  group  of  the  Karnul  series  near  the  town  of  that  name,  but  they  are 
also  obtained  at  other  places  within,  or  just  outside,  the  boundary  of  the 
Cuddapah  basin.     In  the  Mahdnadf  valley  they  are  found  near  San^balpur, 
]ust  outside  the  boundary  of  the  Cuddapah  area,  but  have  not  been  found 
in  situ  as  yet.     The  third  diamond  district  of  India  is   near  Panna, where 
the  original  home  of  the    diamond   is    in  the   lower  part  of   the   upper 
Vindhyan  series,  though  the  possibility  of  its  derivation  from  lower  Vindhyan 
beds  has  been  indicated. 

This  repeated  occurrence  of  the  diamond  at,  or  about,  the  same  geological 

horizon  might  be  held    to  be   corroborative  of  the   general  resemblance, 

which  has  led  the  rocks  in  which  it  is  found  to  be  classed  together.     But 

the  evidence  is  of  small  value,  for  the  diamond  is  in  every  case  derivative, 

and  its  original  source  has  not  yet  been  found. 

About  six  years  ago  it  was  supposed  that  an    original  source  of  the 

diamond  had  been  discovered  in  a  volcanic  neck  near  Wajra  Karur,  filled 

with  a  substance*  which  closely  resembled  the  blue  clay  of  the  Kimberley 

diamond  fields.     A  more  detailed  examination  has  shown  that  the  Wajra 

Karur  rock  is  the  product  of  decomposition  of  a  basic  volcanic  rock,  not  a 

pcridotite,  like  the  Kimberley  blue  clay.*  Previous  to  this  the  rock  had  been 

thoroughly  prospected  for  diamonds,  but  none  were  found    in   the  matrix 

though  diamonds  have  certainly  been  found  on  the  surface  after  rain,  and, 

as  there  are  no  outliers  of  Cuddapah  or  Karnul  conglomerates  within  the 

drainage  area,  it  was  supposed  that  they  must  have  been  washed  out  of 

the  decomposed  volcanic  debris  filling  the  neck.' 

The  conclusion  is  not  a  necessary  one,  for  the  rock  filling  the  neck 
fc^  been  more  largely  removed,  being  more  easily  weathered  than  the  sur- 
rounding gneiss,  and  the  neck  now  forms  a  depression  in  the  general 
surface  of  the  country  into  which  the  diamonds  might  have  been  washed. 
A  different  origin  for  the  diamond  has  been  suggested  by  M.  Chaper,*  who 
believed  that  he  had  obtained  diamonds,  sapphires,  and  rubies  from  the 


'  Details  of  the  known  diamond  localities  will 
be  found  in  Vol.  Ill  of  this  Manual,  pp.  1  —  5, 
tnd  Recotds,  XXII,  39-49  (1889). 

P.  Uke,  Hifotds,  XXIII,  7a  (1890). 


*  Records,  X\X,  110(1886). 

*  Sur  une  pegmatite  diamantif^re  de  I'Hin- 
dostan,  Bull.  Soc,  Ctrl,  de  Fi  a nr^,  3rd  series, 
XIV,  330,  (1886}  ;    Records,  XXII,  39,  (1889). 
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debris  of  a  pegmatite  vein  in  the  gneiss.  He  did  not,  however,  find  any  of 
these  gems  in  their  matrix,  nor  did  he  apparently  himself  procure  them 
from  the  debris.  The  evidence  produced  is  of  the  slightest  and  has  not 
materially  helped  forward  the  solution  of  the  problem  of  the  original 
source  of  the  diamond* 


It  remains  now  to  consider  briefly  the  relations  of  the  rock  systems 
described  in  this  chapter  to  each  other.  In  the  first  edition  of  this  manual 
the  Cuddapah  system  was  classed,  along  with  the  Gwaliors,  among  the 
upper  transition  deposits,  but  subsequently  the  rocks  of  the  God^vari 
valley,  which  had  previously  been  regarded  as  Vindhyan  were  identified 
with  the  Cuddapahs  of  Madras,  and  Mr.  Medlicott,  abandoning  his 
previous  opinion,  accepted  the  Cuddapahs  as  the  equivalent  of  the  lower 
Vindhyans.l  Adopting  this  conclusion  we  have  in  the  southern  area 
two  unconformable  series  or  systems,  of  which  the  uppermost  is  quite 
unimportant  compared  with  the  lower.  In  the  central  area  much  the 
same  is  the  case,  but  in  the  northern  area  tne  two  series  are  said  to  be 
nearly  conformable  and  the  lower  is  certainly  much  less  in  thickness 
than  the  upper.  The  first,  and  most  obvious  impulse  would  be  to  class 
the  lower  Vindhyans,  the  Pakhals,  and  the  Cuddapahs  together,  as 
an  older  system,  and  the  upper  Vindhyans,  the  Sullavais,  and  the  Karnuls, 
as  a  newer.  The  classification  would  be  to  some  extent  in  accordance 
with  the  lithological  resemblances  of  the  rock  series,  and  may  be  correct 
in  the  main,  but  the  truth  must  be  less  simple  than  this« 

It  is  impossible  to  suppose  that  the  lower  Vindhyans  of  Central  India 
can,  in  any  proper  sense  of  the  word,  be  the  equivalents  of  the  great 
Cuddapah  system,  and  if  the  account  of  the  relation  between  the  upper 
and  lower  Vindhyans  given  above  is  correct,  it  indicates  a  difference  from 
that  which  subsists,  between  the  Pakhal  and  Sullavai  beds  of  the  Godivari 
valley,  or  between  the  Cuddapahs  and  Karnuls  of  Madras.  If  the  Karniil 
series  represents  any  portion  of  the  Vindhyan  system,  whether  upper 
or  lower,  it  is  difficult  to  escape  the  conclusion  ihat  the  commencement 
of  the  Cuddapah  epoch  must  date  further  back  than  the  oldest  of  the 
typical  lower  Vindhyan  deposits,  and  may  be  in  part  contemporaneous 
with  the  newest  of  those  described  among  the  transition  systems,  a  supposi- 
tion strengthened  by  the  resemblances  which  may  be  observed  between  the 
banded  jaspers,  hornstones,  and  porcellanic  beds  of  the  lower  Cuddapahs, 
and  the  similar  rocks  of  the  Gwalior  series.  The  resemblances  are,  how- 
ever, not  such  as  amount  to  identity,  and  it  is  certainly  more  convenient 
for  purposes  of  description  to  class  these  beds  with  these  newer  rather 
than  those  older  than  them, 

»  Records,  XV,  2,  (1882). 


CHAPTER  V. 

DER    PAL.iOZOlC   SYSTEMS  OF  THE    EXTRA-PENINSULAR 

AREA. 

The    Sj|l«fange— Central  Himalayas— Unfossiliferous   slates   of   the    outer   HJm^layas-Ther 
Jttuiisar  sjalem— The  Deoban  limestone — The  Baxa  series— liftstern  Tibet  find  Burmft. 

Ill  the  last  chapter  an  older  pala^ozcic  age  t\'as  accepted  for  the  le^s 
disturbed  unfossiliferous  rocks  of  the  Peninsula,  on  the  ground  of  the  great 
discordance  that  exists  between  them  and  the  next  succeeding  beds,  which 
are  known  to  be  of  tipper  palaeozoic  age.  In  the  extra-peninsular  area  we 
have  no  need  to  content  ourselves  w  ith  such  indirect  evidence  as  this,  for 
the  presence  of  older  palaeozoic  rocks  has  been  proved,  in  three  distinct 
areas,  by  the  discovery  of  cambrian  and  silurian  fossils. 

The  most  important,  because  most  fully  studied,  of  these  is  the  Salt- 
I'^nge^  where  an  extensive  series  of  conformable  strata,  nearly  3,000  feet 
'D  thickness,  is  divided  into  the  following  groups:— 


Salt  pseudomorph  zone 
Magnesian  sandstone   . 
Neobolus  beds*    . 
Purple  sandstone  • 

Salt  marP 


450  feet. 

250  „ 

100  „ 

450  „ 


The  complete  sequence  is  only  seen  in  the  eastern  part  of  the  range,  for 
the  series  is  unconformably  overlaid  by  the  succeeding  one,  and  the  groups 
*re  successively  thinned  out  to  the  west  by  denudation,  as  one  after  the 
other  becomes  the  uppermost  to  be  seen. 

Ihc  salt  marl  consists  typically  of  a  finegrained  rock,  varying  from 
dull  purple    to  bright  red  in  colour,  composed  of  very  fine  grained  clayey 

This  differs  from  that  given  by  Wynne,  and  a  lower  pufple  sandstone.    They  are  only 

(^emoifj,  XIV,  69)  as  the  thicker  sections  of  seen    at  one  place    in   the   Khisor  hills,  and 

l»iJ  include  paft  of  Iht  overlying  carboniferous  there  does  not  seem  to  be  sufficient  evidence 

^^'  for  this  addition  to  the   series,  especially  in 

Dr.Waagcn  (Pal.  Ind.,  series  xiil,  IV,  44)  view  of   the  lioubts  cast  on   the  sedimentary 

"^  '^dded,  below  this,  a  grey  gypsum  group  origin  of  the  gypsum  {infra,  p.  111). 
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matter,  mixed  with  some  disseminated  gypsum  and  carbonates  of  both  lime 
and  magnesia.^  The  marl  itself  never  exhibits  the  slightest  signs  of  strati* 
fication,'  nor  are  any  coarser  grains  of  sediment  found  mixed  with  it,  but 
it  acquires  an  appearance  of  stratification  from  containing  beds  of  gypsum 
and  rock  salt,  a  few  layers  of  dolomite,  some  beds  of  sandy  dolomite  in  the 
lower  part  of  the  series,  and  near  Kheura  a  six  inch  band  of  bituminous 
shale  and  some  irregular  patches  of  an  obscure,  dioritic-Iooking,  dark  purple 
trap,  said  to  be  associated  with  paler  purple  volcanic  ash. 

The  most  interesting  and  important  of  these,  both  as  regards  thick- 
ness and  economic  value,  are  the  salt  and  gypsum  deposits.  The  former 
appears  to  be  somewhat  irregularly  developed  and,  except  where  mining 
operations  are  carried  on,  difficult  to  observe,  but  it  is  described  as  oc 
curring  in  regular  beds  wh  ich  exhibit  distinct  lamination.  The  greatest 
development  is  in  the  Mayo  mines  at  Kheura,  where  there  are  over  550 
^eetofsalt.  Half  of  this  thickness,  or  275  feet,  is  made  up  of  five  beds 
of  nearly  pure  salt,  which  is  mined  and  placed  upon  the  market  without 
being  refined,  the  other  half,  known  as  ia/ar,  is  too  earthy  and  impure 
to  be  used  in  its  natural  state,  and  has,  consequently,  no  marketable 
value. 

The  impurities  of  the  salt  are  principally  sulphate  of  lime  and  chlorides 
of  magnesium  and  calcium.  In  the  Mayo  mine  a  lenticular  band,  with  a 
maximum  thickness  of  6  feet,  has  been  found,  composed  of  a  mixture  of 
ylvine  (chloride  of  potassium)  and  kieserite  (sulphate  of  magnesium,  with 
one  equivalent  of  water),  which  also  prevailed  through  a  thickness  of  about 
seven  feet  below  the  sylvinc  band.  Glauberite  (anhydrous  sulphate  of  soda 
and  lime)  has  als>o  been  found.  Epsom  salts  (sulphate  of  magnesia,  with 
seven  equivalents  of  water)  commonly  crystallises  in  the  passages  of  the 
mines  on  the  surface  of  the  salt  marl  and  the  ka/ar,  and,  as  this  salt  would 
result  from  the  absorption  of  water  by  kieserite,  it  appears  to  indicate 
that  the  magnesian  salt  is  of  common  occurrence  in  the  rock. 

Besides  being  disseminated  through  the  red  marl,  the  gypsum  occurs 
abundantly  in  beds  and  irregular  masses,  overlying  the  salt  as  a  rule,  but 
also  occurring  more  doubtfully  in  lower  situations.  It  is  found  everywhere 
accompanying  the  red  marl  and,  at  Mari  and  Kilabdgh  on  the  Indus  as  well 
as  in  the  Khisor  range,  contains  more  or  less  numerous  bipyramidal  crys- 
tals of  quartz.*  Sometimes  layers  of  hard  flaggy  dolomite  are  found  in 
thick  masses  of  the  gypsum  and  at  one  or  two  places  numerous  large  and 
perfect  casts  of  hopper  shaped  crystals  of  salt  are  found  in  the  dolomite 
layers. 


»  Memoirs,  XIV,  70,  (1878). 
«C.  S.  Middlcmisn,    Records,    XXIV,  28, 
1891). 


•  A.  B.  Wynne,  Memoirs.XlW ,  73,  (1878)  ; 
XVIl,  239,  (1880) ;  T.  H.  Holland,  Records, 
XXIV,   231,  (»89i). 
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Till  quite  recently  tliere  would  have  been  little  hesitation  in  regarding 
*this  group  of  beds  as  sedimentary  in  their  origin,  and  older  than  the  sand- 
stones  which  overlie  them  on  most  sections.     It  is  true  there  were  always 
<liRiculties  in  the  way  of  this  interpretation,  among  which  were  the  absence 
of  stratification  in  the  marl,  the  enormous  masses  of  sea  water  whose  eva- 
poration would  be  involved  in  the  formation  of  the  great  beds  of  salt,  the 
great  age  of  the  beds  containing  so  soluble  a  mineral  and,  more  especiallyi 
the  fact  that  much  of  the  gypsum   was  known  to  be  not  fully  hydrated^ 
and  Mr.    Middlemiss^    has    recently    declared    himself   in   favour   of  the 
theory,    broached  by  more  than    one  of  the  earlier   observers,  that  the 
marl,  with  its  gypsum    and  salt,  is  hypogene,  and  has  come  into  its  pre- 
sent position  by  a  process  analogous  to  that  of  igneous  intiusion. 

The  arguments  in  favour  of  this  conclusion  are  twofold  and  derived, 
Arstly,  from  the  abnormal  stratigraphical  positiow  in  which  the  marl  is  some- 
times found  and,  secondly,  from  the  mineralogical  character  of  the  marl 
^Tid  its  peculiarities  of  structure  i^Ml  included  minerals. 

As  regards  the  positioa  of  the  salt  marl,  it  is  ordinarily  below  the 
f^^rple  sandstone  and  the  fofm  of  the  boundary,  imbaying  up  the  deep 
^v-^lleys,  is  such  as  to  suggest  that  it  is  in  normal  infraposition,  but} 
^crcording  to  Mr.  Middlemiss,  there  is  no  transition  between  the  two 
t^eds,  and  in  the  sections  quoted  by  him  there  are  numerous  fragments  of 
lie  sandstone  scattered  through  the  upper  layer  of  the  marl.  Besides  this, 
salt  marl  is  found  at  higher  horizons  intruded  along  the  cores  of 
exures  and  along  fold  faults.  None  of  these  observations  are,  however, 
f  vital  importance,  as  the  features  might  easily  be  the  result  of  pres- 
xtre  acting  on  a  soft  material  like  the  marl. 

The  second  argument  is  derived  from  the  condition  of  certain  included 

ragments  of  dolomite.     These  are  described  as  pitted,  corroded  and  honey- 

rombed,  and  showing,  in  one  section  at  Kavhad,  an  ultimate  passage  into 

he   red  marl.     In  connexion  with  this,  another  section,  two  miles  north 

f    Burikhel,    must    be    noticed,    where    the  salt  marl    is    immediately 

verlaid  by  the  glacial    boulder    bed    forming   the    base    of   the   upper 

alaeozoic  system  of   the  Salt  range.     The  marl  here  contains  numerous 

e  aggregates  of  a  hard  compact   dolomite,  whose  peripheral  portions 

Bare   pitted  or   honeycombed  and  the  cavities  filled  by  gypsum,  only  the 

<:entral  portions  being  unaltered.     In  the  boulder  bed  no  trace  of  the  marl 

could  be  found,  whether  as  included  fragments  or  by  a  colouration  of  the 

matrix,  and   none  of  the  numerous   dolomite  pebbles,  resembling  those 

of  the  central    portions  of  the  lumps  in  the  subjacent  marl,  exhibit  any 

pitting  or  corrosion.     From  this  it  was  concluded  that  the  corrosion  of  the 

dolomite  in  the  marl  was  of  later  date  than  the  boulder  beds.     Here  the 

^  Records,  XXW,  26,  {1S91). 
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doubt  arises  whether  the  dolomite  fragments  in  the  boulder  bed  might 
not  have  been  derived  from  the  magnesian  sandstone  group,  rather  than 
from  the  dolomite  in  the  marl,  unless  indeed  it  is  claimed  that  the  marl  has 
here  replaced  the  dolomites  of  the  magnesian  sandstone  group. 

It  will  be  seen  that  the  evidence  is  not  conclusive,  but  taken  as  a 
whole  it  throws  a  considerable  doubt  on  the  hypothesis  that  the  marl 
in  its  present  condition  was  formed  superficially,  and  this  doubt  is  streng- 
thened by  the  manner  in  which  inliers  occur  among  the  upper  tertiary 
sandstones^  in  situations  where  its  presence  is  difficult  to  account  for,  if 
it  is  of  Cambrian  age. 

In  Kohdt  there  is  another  great  development  of  salt  which  has  been 
regarded  as  of  tertiary  age,  and  it  would  be  natural  to  regard  this,  with  its 
associated  gypsum  and  marl,  as  the  equivalent  of  that  in  the  Salt  range. 
It  is  said,  however,  that  the  Kohdt  salt  exhibits  a  difference  of  colour  so 
constant  and  characteristic  that  it  is  always  possible  to  say  with  certainty 
from  which  area  the  salt  came.  Too  much  weight  must  not,  consequently, 
be  attached  to  the  other  resemblances,  but  it  would  certainly  be  strange 
if  two  separate  developments  of  salt,  each  on  so  large  a  scale,  had  taken 
place  in  closely  adjoining  areas  at  such  widely  different  periods  as  the 
lower  Cambrian  and  tertiary. 

The  discussion  of  the  origin  of  the  salt  marl  has  been  helped  forward 
greatly  by  a  recent  investigation  by  Mr.  Holland,^  who  has  shown  that  the 
associated  gypsum  was  certainly  formed  by  the  union  of  water  with  anhy- 
drite. Not  only  are  the  inclusions  in  the  quartz  crystals  all  anhydrite,  but 
the  matrix  proves  to  be  a  mixture  of  anhydrite  and  gypsum  in  varying 
proportions  according  to  the  degrees  of  hydration  it  has  undergone. 
Anhydrite  could  not  have  been  formed  at  the  surface  or  at  a  lower  temper- 
ature than  125°  C.  (257®  F)',  nor  could  the  quartz  crystals  in  it  have  been 
exposed  to  a  red  heat,  as  at  that  temperature  they  would  have  been 
attacked  by  the  sulphate  of  lime.  He  suggests  that  the  anhydrite  is  due 
to  the  action  of  acid  vapours  on  a  pre-existing  limestone  or  dolomite,  and 
in  this  we  probably  see  the  true  explanation  of  the  marl.  It  is  not  a 
hypogene  rock  intrusive  in  its  present  position,  nor  is  it  a  sedimentary 
rock  formed  superficially  as  such  with  its  associated  gypsum  and  salt,  but 
is  due  to  the  alteration  of  pre-existing  sediments,  whose  exact  composition 
is  unknown,  by  the  subterraneous  action  of  acid  vapours  or  solutions.^ 

The  group  next  succeeding  the  salt  marl  is  composed  of  even-grained 
sandstones,  of  a  dull  purple  colour,  containing  carbonates  of  lime  and  mag- 
nesia. The  lower  50  feet  to  100  feet  are  more  argillaceous  and  may 
indicate  a  transition  to  the  beds  below,  but  with  this  exception  bands  of 

^  Records^   XXIV,   23I,  (1891)  ;  XXV,  54,         =  Hoppc-Seyler     Poggendorf,     Annaicn, 
(1892).  CXXVII,  161,  {1866). 

«  Records,  XXlV,  243,  C1891). 
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clay  are  rare  or  absent  throughout  the  group.  At  the  upper  limit  the 
colour  of  the  sandstones  becomes  paler  and  some  buff  bands  are  seen. 
The  sandstones  show  ripple  marks  but  rarely,  and  the  only  trace  of  life 
they  contain  are  a  few,  almost  equally  rare,  obscure  fucoid  markings. 

The  purple  sandstone  group  is  succeeded  abruptly,  but  conformably,  by 
dark  or  blackish  shales,  associated  with  sandy  and  calcareous  beds 
only  some  20  to  100  feet  in  thickness,  but  extremely  important  on  account 
of  the  fossils  they  have  yielded.  These  have  come  from  two  horizons,  one 
near  the  base  of  the  group  from  a  shale  band  containing  Neoholus^  the 
brachiopod  which  has  given  its  name  to  the  group,  and  the  other  close 
to  the  top,  immediately  below  the  magnesian  sandstone. 

The  fossils  from  the  lower  horizon  comprise  the  following  species'  : — 


Disci  nolepis  granulntu, 
Schisopholis  rugosa, 
Neobolus  warthi. 


Lakhmina  ling  til  oid^s. 

„        sqiiiima, 
Lingula  kiiirensis, 
.,         warthi. 
FentstelLtf  sp. 


The  fossils  collected  by  Mr.  Middlemiss  from  the  higher  horizon  have 
not  yet  been  examined,  but  some  fossils  collected  by  Dr.  VVarth,  which 
probably  came  from  the  same  horizon,  include' — 

Co'tocephAlites  warthi,  Hyolithes  wynuei. 

Olenus  indicus.  „        kussakensis, 

Orihis  warthi. 

Besides  which  a  trilobite  belonging  to  the  genus  Olenellus  has  been  found 
by  Mr.  Middlemiss. 

None  of  the  species  from  this  group  have  been  found  in  other  parts  of 
the  world  as  yet,  but  Conocephalites  warthi  is  said  to  be  very  close  to 
Solenopleura  cristata  from  the  Paradoxides  beds  of  Sweden.  The  general 
facies  of  the  fauna,  however,  leaves  no  room  for  doubt  that  the  beds  are 
of  Cambrian  age,  and,  consequently,  the  oldest  in  India  whose  age  can  be 
determined  with  any  approach  to  certainty. 

The  fossil iferous  beds  are  succeeded  by  the  magnesian  sandstone 
group,  which  forms  conspicuous  scarps  along  the  eastern  part  of  the  range. 
It  consists  of  from  lo  to  300  feet  of  hard,  light  cream  coloured  or  white 
dolomitic  sandstone  or  sandy  dolomite,  associated  with  which  are  beds 
of  light  coloured  sandstones,  and  sometimes  oolitic  or  flaggy  bands, 
the  latter  occasionally  covered  with  fucoid  markings  and  separated  by 
greenish  or  dark  coloured  shales. 

The  topmost  member  of  the  system,  as  developed  in  the  Salt  range,  is 
composed  of  thin  bedded  and  flaggy  sandstones,  with  interbedded  shales  or 

"  Pal,  Indica,  series  xiii,  IV,  92,  (1891).  |      *  Pal*  Indica,  series  xiii,  IV,  104,  (1891). 
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clays,  characterised  by  their  bright  red  colour  and  by  the  numerous  pseudo- 
morphic  casts  of  salt  crystals  which  cover  the  bedding  surfaces.  These 
casts  are  found  indenting  the  lower  surfaces  of  the  separate  flags,  and  there 
can  be  no  doubt  that  they  are  due  to  salt  having  crystallised  out,  by  the  eva- 
poration of  salt  water,  and  having  then  been  covered  by  fresh  sediment, 
which,  adapting  itself  to  the  angularities  of  the  crystals,  preserved  their 
form  in  the  casts  now  seen.  As  might  be  expected,  these  beds  are  unfos- 
siliferous,  the  only  organic  remains  found  being  obscure  focoid  impressions 
and  worm  tracks. 


In  the  Central  Himalayas  of  Hundes  and  Spiti  a  system  of  conformable 
strata,  of  older  palaeozoic  age,  was  described  by  the  late  Dr.  Stoliczka*  as 
the  Babeh  and  Muth  series.  Mr.  Griesbach,  as  the  result  of  a  more  extend- 
ed survey,  has  recently  rearranged  these  beds  as  follows  *  ;— 

^  .-  (8.    White  quartzite,  with  limestone. 

Carboniferous      .         .  [^     ^^  ^^j^^^  limestone. 

Devonian  (?)        •         •      6.  Dark  coral  limestone. 

.  JS.  Flesh-coloured  and  brown  quartzites  and  shales. 

S»^*"^"       •         •         '    U.  Coral  limestone. 

3.  Red  quartz  shales  and  slates. 

2.  Shales  and  silky  phyllites,  with  a  great  thickness 
Haimanta  system          .   \  of  quartzites. 

I.  Quartzite,  generally  purple  and  a  great  thickness 
of  conglomerate. 

The  whole  of  this  sequence  of  rock  groups  is  described  as  perfectly 
conformable  throughout  and  separated  by  a  slight  unconformity  from  the 
beds  above ;  it  will  therefore  be  treated  as  a  single  system  for  descriptive 
purposes. 

The  three  lowest  groups  are  united  by  Mr.  Griesbach  under  the  name 
of  the  Haimanta  (snow  clad),  a  convenient  designation  for  the  great  thick- 
ness of  beds,  intermediate  between  the  silurian  and  the  gneiss  and  schists 
which  are  either  entirely  unfossiliferous  or  have  only  yielded  organic 
remains  too  badly  preserved  to  be  identifiable. 

The  Haimanta  series  is  divided  into  three  groups,  the  lowest  of  which 
is  characterised  by  a  great  development  of  conglomerates,  composed  of 
rolled  and  subangular  fragments,  among  which  quartz  and  gneiss  pre- 
dominate. The  matrix  is  a  hard,  often  deep  purple  coloured,  sometimes 
partially  schistose  quaitz  rock.  The  junction  with  the  underlying  schists 
is  said  to  be  transitional  and  often  not  determinable  with  accuracy,  but  the 
prevalence  of  coarse  conglomerates  points  to  an  unconformity  and  the 
apparent  transition  may  be  due  to  the  compression  and  metamorphisni 
the  beds  have  undergone. 

*  Memoirs,  V,  17-24,  (1865).  |    «  Memoirs,  XXIII,  49-64,  (1891). 
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lie  conglomerate  group  is  overlaid  by  a  great  thickness  of  greenish 
phyllites,  slates  and  thicker  bedded  quartzites,  traversed  by  quartz 

.,  towards  the  upper  part  of  which  reddish  brown  and  pinkish  quartz 

sh«^l^s  are    intercalated.     They   are  said    to  resemble,  lithologically,  the 

Sinr^l^  slates  and  contain  some  very  obscure  fossil  remains  which  have 

t>e^^x^      referred   to  Beller9phon^    with   some   Crinoid  stems   and  casts  of 

t^i'v  strives. 

he  uppermost  member  of  the  Haimantas  is  described  as  very  constant 
conspicuous   and,  consequently,    very  useful  horizon   in  unravelling 

structure  of  the   hills.     It  is  described  as  consisting  of  bright  red  and 
l^ix^lc   quartz  shales  passing  upwards  into  greenish  grey  shales  and  quartz- 
*^^s     -^'ith  pink  and  shaly  partings.     Some  thin  bands  of   deep  red   lime- 
^^oi:*^  are  occasionally  found  in  the  lower  part  of  the  group. 

The  total  thickness  of  the  Haimantas   is  about  3,000  to  4,000  feet,   of 
^hicrl^  from  250  to  500  belong  to  the  upper  group. 

'J"he  passage  from  the  uppermost  Haimanta  be  Is  to  the  lowest,  classed 

^    Silurian,  is  gradual,  and  the  two  types  of  rock  are  interbedded  at  the 

Ji«ricrtion.     The  lower  silurian  beds,  according  to  Mr,  Griesbach,  consist  at 

^^»^    t>ase  of  dirty  coloured  greyish  pink  quartzite,  with  calcareous  partings, 

P^-^-^ing  upwards  into  grey  shaly  quartzites,  alternating  with  dark  blue  to 

"*^^*'<^l«  coral  limestone, — limestone  being  the  prevailing   rock  of  the  group, 

he  lower  beds  of  silurian  age  are  comparatively  thin,  being  only  about 

feet  thick,  and  are  succeeded  by  from   1,000  to  1,200  feet   in  the 

*^  *  t:  i     sections,  and  much  more  in  Spiti,  of  dirty  pink  to  flesh  coloured  quart- 

^'^^^^j  with  greyish  green  intercalated  shales,  and  some  limestone  bands  in 

*^^     lower  part.     In  Spiti  Dr.  Stoliczka  observed  some  contemporaneous 

^^I^    in  these  bcds,^  but  none  was  seen  in  the  Hundes  sections.* 

^XTie  upper  Silurian  quartzites  pass  gradually  into  dark  grey  or  black 

' ^''^  ^^stone,  generally  concretionary,  showing  sections  of  Corals  and  Bia^ 

^^oda  in  large  numbers,  on  the  weathered  surface.     These  again  pass 

^*"'^«^ually  into  bluish  grey  and  brownish  red   limestones,  containing  frag- 

ts  olCrtnoids. 

he  uppermost  member  of  the  system  is  composed  of  white  quartzite, 

fing  from  350  feet  to  800  feet  in  thickness.     It  was  classed  by  Dr. 

liczka  with  his  Muth  series  of  doubtfully  silurian  age,^  but  according  to 

.     ^"•^    Griesbach,   it  is  overlaid  in  Spiti  with  partial   interstratification,    by 

^*"*^ — stones  of  carboniferous   age  containing  Athyris  royssii^  Productus^ 

worked  out  and  its  relations  fully  determined, 
there  does  not  appear  to  be  any  benefit  in  print- 
ing a  nominal  list  of  the  species  that  have  been 
described.  Noneof  the  fossils  found  in  Spiti 
by  Dr.  Stolipzka  were  specifically  determinable. 

•  Memoirs;^,  23,  (1865). 

«  Memoirs,  XXIII,  63,  (1891). 
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Umoirt,  V,  20,  (1865). 

large  number  of  silurian  fossils  from 

^^^**^^al  Strachey's  collections  were  described 

^^    ^^^srs.  Salter  and  Blanford  in  1865,  and  the 

^       *^^^:tbns   made  by  Griesbach,    which   are 

^    ^  *  *  1 11  course  of  description,  will  doubtless  add 

^^  number.     Until  this  fauna  has  been 
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On  the  accompanying  map  a  very  large  area,  in  Kashmir  and  the 
north-west  Him^llayas  south-west  of  the  snowy  range,  has  been  coloured 
as  Silurian,  although  a  very  considerable,  if  not  the  greater,  portion  of  this 
area  is  probably  occupied  by  post-silurian  beds.  This  course  has  been 
adopted  owing  to  the  impossibility  of  distinguishing  generally  between  the 
older  and  younger  slates,  where  all  have  been  equally  disturbed  and  are, 
as  a  rule,  equally  unfossiliferous.  In  Kashmfr  the  whole  area  mapped  by 
Mr.  Lydekker  as  belonging  to  his  Panjdl  system  has  been  coloured  as 
Silurian,  though  it  has  since  been  shown^  that  a  considerable  portion  of 
this  system  is  probably  of  upper  palaeozoic  age,  and  the  same  colour  has 
been  used  in  the  Hazdra  district  for  that  series  of  slates  with  limestones 
and  quartzites  which  are  known  as  the  Attock  slates. 

The  Attock  slates,  which  derive  their  name  from  being  particularly  well 
seen  in  the  hills  along  the  Indus  south  of  Attock,  consist  of  dark  coloured 
slates  and  limestones,  some  sandstones  and  trap,  both  intrusive  and  inter- 
bedded.  Nothing  is  known  of  their  age  except  that,  in  the  Sirban  moun- 
tain near  Abbottabid,  they  underlie,  with  a  strongly  marked  unconformity, 
beds  which  are  older  than  the  trias."  They  must  consequently  be,  in  part  at 
least,  of  older  palaeozoic  age.  On  the  other  hand,  it  is  certain  that  beds  of 
secondary  age  are  folded  up  amongst  them,  for  limestone  containing 
Dicerocardium  has  been  found  east  of  the  road  between  Khdnpur  and 
Haripur,  and  Ammonites  east-south  east  of  Haveliyan^ ;  quite  lately,  too, 
some  fossils  of  decidedly  cretaceous  appearance  were  found  by  Mr.  Gries- 
bach  in  the  area  mapped  as  Attock  slates.  It  becomes  obvious  from  this 
that  the  area  coloured  as  silurian  contains  both  upper  palaeozoic  and  mezo* 
zoic  rocks,  but,  as  it  is  impossible  to  separate  these  at  present,  it  has  been 
thought  best  to  give  one  uniform  colour  on  the  map  to  the  area  occupied 
by  the  generally  unfossiliferous,  slaty  series,  except  where  sufficient  in- 
formation is  available  to  justify  the  separation  of  a  distinct  area  of  post* 
silurian  rocks. 

In  Kashmfr  the  Panjil  system  of  Mr.  Lydekker  includes,  besides  slates 
and  associated  beds  of  transition  and  older  palaeozoic  age,  a  great  series 
of  beds  which  there  is  good  reason  to  believe  are  carboniferous  and  permi- 
an.  These  form  the  principal  portion  of  the  typical  sections  of  the  Panjdl 
system,  and  as  they  will  be  dealt  with  further  on,*  there  remains  nothing 
definite  to  be  said  of  the  lower  beds  in  this  place.  The  Fanjdl  system 
was  regarded  as  perfectly  conformable  to  the  underlying  gneisses,  but  it  is 
probable  that  unconformable  breaks  exist,  which  were  not  recognised  in 
the  course  of  a  rapid  exploration. 

Further  to  the  south-east  a  system  of  strata  has  been  distinguished, 

1  Recr.rds,  XXI,  139,  (f888);  infra,  p.  13^      1     »  Records,  XII,  121,  (1878). 
*  Memoirs,  IX,  335,  (1872).  |     *  Infra,  p.  134. 
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under  the  name  of  Jaunsar,  which  exhibits  considerable  resemblance  to  the 
Haimantas  and  Silurian  of  the  central  Hnndlayas.  The  lowest  beds,  known 
to  belong  to  this  system,  are  characterised  by  the  prevalence  of  purple 
quartzites  with  intercalated  red  slaty  beds  and,  low  down  in  them,  a 
boulder  bed,  composed  of  large  fragments  of  quartzite,  dispersed  through 
a  fine  grained  matrix. 

In  the  upper  Pabar  valley  the  quartzites  are  found  lying  unconform- 
ably  on  the  gneiss.  In  eastern  Sirmur  they  appear  to  be  underlaid  by  u 
great  thickness  of  grey  slate  with  a  band  about  300  feet  thick  of  grey  lime- 
stone, but  the  true  position  of  these  beds  has  not  been  established  with 
certainty.  In  the  Bangal  valley  of  eastern  Sirmur  the  purple  quartzites  are 
overlaid  by  about  200  feet  of  a  dark  grey  felsitic  trap,  covered  by  as  much 
more  of  mixed  trap  and  ashes,  which  are  of  subaerial  origin.  In  northern 
Jaunsar  these  are  replaced  by  a  great  thickness  of  slaty  beds,  mixed  with 
bedded  lava  flows  and  impure  volcanic  ashes,  and  a  band  of  limestone,  some 
300  feet  thick.  Above  the  volcanic  beds  comes  a  great  thickness  of  sub- 
schistose  slates.^ 

The  purple  quartzite  beds  exhibit  considerable  llthological  resemblance 
to  those  of  the  Babeh  series  (Haimanta)  and  the  volcanic  beds  may  well  be 
contemporaneous  with  those  of  silurian  age  mentioned  by  Dr.  Stoliczka. 

South  of  the  snowy  range  the  Jaunsar  system  has  not  been  recognised 
with  certainty  away  from  Jaunsar  and  eastern  Sirmur,  but,  low  down  in  the 
Simla  slates,  as  the  beds  which  underlie  the  Blaini  group  in  the  Simla 
district  have  been  called,  there  are  some  purple  quartzites  which  may 
belong  to  the  system,  while  there  can  be  little  doubt  that  the  purple 
quartzites  and  volcanic  breccias  described  by  Mr.  Middlemiss  in  western 
Garhwal'  are  of  the  same  age. 

The  Jaunsar  system  is  unconformably  overlaid  by  a  great  limestone 
series,  which  forms,  and  derives  its  name  from,  the  peak  of  Deoban,  north 
of  Chakrita.  It  consists  of  a  pale  to  dark  grey  limestone,  often  more 
or  less  dolomitic,  with  interbedded  grey  shales.  The  limestone  is  frequently 
mephitic,  in  places  contains  numerous  cherty  concretions,  and  is  occa- 
sionally oolitic' 

The  age  of  this  limestone  series  is  unknown,  it  appears  to  be  un- 
conformable to  the  Jaunsar  system  and  is  certainly  overlaid,  with  marked 
unconformity,  by  beds  which  there  is  reason  to  believe  are  of  carboniferous 
or  permian  age.  Outside  Jaunsar  it  has  not  been  identified  with  certainty, 
but  is  probably  represented  by  the  great  limestone  formations  seen  south- 
east of  the  Chor,  in  the  Shili  mountain,  in  Kulu,  and  in  Garluvil  and  Ku- 
miun.     The  correlation,  which   is  based    on    general    lithological  rescm- 

»  Records,  XXI,  131,  (i8«8).  |    »  Records,  XX,  34,  (1887). 

«  Records,  XXI,  133,  (1888). 
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blance  and  relative  position  in  the  series,  derives  great  support  from  the 
discovery,  in  the  limestone  of  Kulu*,  Jaunsar*,  and  Kumdan^,  of  curious 
structures,  exhibiting  considerable  resemblance  to  each  other,  which  may 
be  merely  concretionary  but  are  quite  possibly  of  organic  origin. 

In  the  eastern  Himalayas  Mr.  Mallet  distinguished  a  series  of  beds 
named  after  the  hill  fort  of  Baxa,*  composed  of  variegated  slates, 
quartzites  and  dolomite,  the  latter  being  the  most  prominent  member 
of  the  series  and  having  a  thickness  of  1,500  feet.  The  dolomite  is 
described'  as  generally  massive  with  obscure  bedding,  but  frequently  shaly 
and  passing  at  times  into  a  dark  grey  slate.  It  is  saccharoid,  light  grey, 
rarely  white  in  colour,  with  nests  of  more  coarsely  crystallised  cakite  and 
drusy  cavities,  lined  with  the  same  mineral,  scattered  through  it.  There 
is  also  a  strong  band  of  quartzites  and  quartz  schists,  and  carbonaceous 
slates  have  been  observed.  This  series  was  regarded  as  younger  than  the 
Damudas,  but,  as  has  already  been  explained,*  it  is  probable  that  the  section 
was  ministerpreted,  and  it  should  be  looked  on  as  older,  probably  consi- 
derably older  than  the  Damudas,  and  consequently  of  lower  palaeozoic 
horizon. 

Further  to  the  east  devonian  fossils  were  found  by  the  Abb^  Des 
Mazures  near  Gouchou  in  eastern  Tibet,^  but  no  other  older  palaeozoic 
rocks  are  known  along  the  eastern  frontier  till  near  Mandalay,  where 
Dr.  Noetling  has  recently  faund  a  shaly  limestone  containing  Crinoids^ 
Orthoceras  and  a  species  of  Echinosphasrites!^  The  latter  of  these  alone 
would  be  sufficient  to  stamp  the  beds  as  sHurian.  TTiese  older  palaeozoic 
beds  are  no  doubt  largely  developed  in  the  country  east  of  the  Irawadi 
valley,  but  no  details  have  as  yet  been  published. 


»  Geol,  Mag.,  3rd  dec,  V,  257,  (if  88). 
«  Records,  XXI,  I33»  (1888). 
'  your.  As.  S  c,  Beng.,  Ill,  628,  (1834). 
^  Mimoirs,  XI,  33,  (1874). 


*  Supra,  p.  76. 

^  Camptes  Rendus,  LVIII,  878,  (1864). 

"  Records t  XXIil^  79,  i^iS^n). 
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The  oldjst  member  of  tliis  syaiem  was  disltngnished  by  Mr,  Wynne  a» 
(lie  speckled  sandstone.  It  rests  un conformably  on  the  older  palseozoiv 
rocks,  and  is  usually,  if  not  invariably,  cliaracterised  at  its  base  by  a  boulder 
clay,  formed  of  a  fine  grained  matrix  of  sliale  or  sandy  sliale,  usually  olive- 
green  in  colour  and  weathering  iotoacicular  fragments,  through  ivliicli  are 
jscattend  blocks  of  hard  rock,  ranging  to  several  cubic  feet  in  size, 
almost  invariably  subanguJar  and  frequently  shoning  faces  that  have  been 
smoothed,  polished  and  striated  in  the  manner  characteristic  of  glacier 
action.  'Ihefe  fragments  are  principally  composed  of  states,  qaartziies, 
and  crystalline  rocks,  whose  nearest  analogues  are  to  be  found  750  miles 
to  the  south,  in  the  syenites  and  porphyritit  felsile  of  the  Maldni  series,  but 
mixed  with  them  are  numerous  fragments  of  the  older  palaeozoic  beds  of  the 
Salt  range,  more  especially  of  the  magnesian  sandstone.  'Ihe  glacial  origin 
of  these  beds  is  so  obvious,  and  the  resemblance  to  a  boulder  clay  is  so 
close,  that  it  is  difticult  now  to  undeistand  how  there  should  ever  have 
been  any  doubt  regarding  its  mode  of  origin,  were  it  not  (or  the  difficulty 
of  accounting  for  the  presence  of  glaciers  and  floating  ice  at  sea  level, 
in  30  low  a  latitude,  at  a  period  when,  on  a  priori  grounds,  a  milder 
climate  might  have  been  expected  to  prevail  than  at  the  present  day.  'Jhe 
difficulty  is  increased  by  the  apparent  derivation  of  the  included  fragments 
from  the  south,  but  it  is  part  of  a  much  larger  problem  which  cannot  be  fully 
dealt  with  as  yet,  and  we  must  be  satisfied  with  accepting  the  fact  of  tl»e 
existence  of  glacial  conditions  at  sea  level. 

Many  ol  the  glaciated  pebbles  of  this  bed  show  a  peculiarity  wliich  is 
rare  in  other  glacial  boulder  clays.  Instead  of  being  smoothed  and  striated 
on  one  or  two  surfaces  only,  ihey  often  have  a  number  of  flat  sui  faces  meet- 
ing at  obtuse  angles  and  each  showing  a  different  direction  of  striation.* 
It  is  in  fact  evident  that,  after  one  face  had  been  ground  and  smoothed,  they 
liad  been  slightly  shifted  so  as  to  offer  a  fre»h  surface  and,  by  a  repetition 
of  this  process,  many  of  the  pebbles  have  acquired  a  facetted  appearance, 
as  if  they  had  been  ground  by  a  lapidary. 

Ill  the  trans-Indus  extension  of  the  Sail  range  the  boulder  beds  are  under- 
laid by  grey  shales,   in  which   three   species,   Hyultthsx    orientalis,    H. 

*p.    and    Cardiomorplta 
ilj;ii  /,    ,.       ^^^  itidica,       have        been 

'■■•'■'   -  ™^  fsund,*  but  east   of  the 

Indus  a  more  extensive 
and  most  interesting 
fauna  has  been  obtained 
from  the  beds  which  im- 
mediately    overlie     the 


i,  iV.  I 
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boulder  clay.  The  first  indication  of  this  was  the  discovery  by  Dr.  Warth 
in  1885,  of  Conularia  near  Pid,  but  as  his  fossils  were  obtained  from  trans- 
ported pebbles,  their  importance  in  fixing  the  age  of  the  beds  they  were 
derived  from  was  disputed.  Subsequent  research  has  shown  that,  though  the 
nodules  in  which  they  are  preserved  are  certainly  transported  pebbles,  they 
must  have  been  of  almost  contemporaneous  origin  with  the  bed  in  which  they 
are  now  formed.  Moreover,  some  fossils  from  a  sandstone  band  above  the 
conglomerate  indicate  a  precisely  similar  homotaxis  to  those  in  the  pebbles, 
and  in  discussing  the  relations  of  the  fauna  we  may  take  it  as  a  whole. 

The  fossils  obtained  from  the  conglomerate  band  are  given  in  the  ^fol- 
lowing list,  where  the  letter  y4  indicates  that  the  species  is  also  found  in 
the  marine  beds  below  the  coal  measures  of  New  South  Wales*  : — 


A.  Pleui'otomaria  mtda, 

Bucania  watthL 
A.  Conularia  lavigata, 
A.  Conularia  tenuistriata, 

Ci  Kvlaria  wart  hi. 

A.  SanguiiiolHes  cf.  viitchelli, 
„  tenisorti, 

Nu:ula,  sp. 
PseAiiumonotis  stibradialis. 


A.  Aviculopecten  cf.  limaformis. 
A.  Martiniopsis  darwini. 
A.  Clionetcs  cracoweusis, 
Discinat  sp» 
Disci  nisa  wart  hi. 
Serpulitts  undu Ictus. 
„  warthi. 

„  tuba. 


From  the  associated   sandstones  the  following  four  species  were   ob- 
tained :  * — 


A .  Eu  rydi.'Sfna  glohosu m . 
A.  „  ellipticum. 


A.  Euryde^nta  cor  datum. 
A.  Mcho Ilia  gracilis. 


The  most  noticeable  point  about  this  fauna  is  the  very  large  proportion 
of  species,  thirteen  out  of  twenty-two,  which  are  identical  with  forms 
found  in  the  marine  carboniferous  beds  of  New  South  Wales,  a  proportion 
which  not  only  shows  that  the  two  are  approximately  contemporaneous  in 
origin,  but  tijat  they  must  have  been  deposited  in  the  same  great  marine 
area,  with  free  communication  between  the  two  localities.  The  Australian 
beds  were  formerly  regarded  as  equivalent  to  lower  carboniferous  of  the 
European  sequence,  but  are  now  considered  as  upper  carboniferous,  if  not 
homotaxi."^!  with  the  pernjo-carboniferous  of  Europe. 

The  number  of  identical  species  would  of  itself  be  sufficient  to  place 
the  Salt  range  boulder  beds  on  thft  same  horizon  as  the  marine  carboni- 
ferous beds  of  Australia,  and  it  is  a  remarkable  fact,  whose  importance 
will  appear  hereafter,  that  these  same  marine  carboniferous  beds  of  New 
South  Wales  have  been  found  to  contain  large  boulders  of  foreign  rock, 
exhibiting  distinctly  glacial  smoothings  and  striations,  imbedded  in  fine 
grained  silt,  along  with  delicate  Fejiestellss  and  bivalves  whose  valves  are 
still  united  in  the  position  in  which  they  lived  and  died.' 

^Pal.  Indicut  »cries  xiii,  IV,  60, 145,  (1890-91).  I    ^Pal.  Indica,  series  xiii,  IV,  147,  (1891). 

*  Records,  XIX,  41,(1886). 
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soft  sandstones,  coaly  near  their  base,  full  of  fossils,  conlta^ting  in  this 
point  strongly  with  the  lithologically  not  very  dissimilar  beds  of  the  speck- 
led sandstone,  in  which  no  fossils  have  been  found.  The  group  becomes  more 
calcareous  to  the  west,  and  in  the  trans-Indus  extension  of  the  Salt  range 
is  said  to  consist  of  limestone.  The  upper  group  is  not  very  sharply 
defined  from  the  lower,  but  is  more  calcareous  ;  where  normally  developed 
it  contains  many  beds  of  light  coloured  yellowish  or  whitish  limestones, 
intercalated  with  marly  and  sandy  beds. 

The  first  point  to  notice  about  the  fauna  of  this  group,'  whose  general 
facies  is  decidedly  upper  carboniferous,  is  the  entire  absence  of  a  single 
species  also  found  in  the  fossiiiferous  beds  at  the  base  of  the  speckled 
sandstone,  the  only  species  presenting  any  degree  of  alliance  being  i/umni'ii 
ialiaensis,  which  might  be  a  modified  descendant  of  B.  warthi  from  the 
lower  beds.  The  change  is  complete, 
and  with  it  disappears  all  connection 
with  the  Australian  carboniferous  fauna, 
to  be  replaced  by  a  lelatJonship  with 
upper  carboniferous  and  pcrmian  faunas 
of  Europe.  Not  counting  allied  species, 
the  lower  group  contains  no  less  than 
.,  sixteen  species  identical  with  forms 
found  also  in  the  carboniferous  and 
I  of  strata,  intermediate  between  the 
two,  which  the  Russian  geologists  have  distinguished  under  the  name  of 
permo-carboniferous.  The  names  and  distribution  of  these  species  will 
be  easiest  explained  by  the  tabular  statement  below :  — 
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with  the  more  compact  limestone.  Corals  are  common  and,  in  places, 
they  are  accumulated  in  great  reefs  in  which  no  bedding  can  be  traced. 
The  lower  group  of  the  middle  division,  which  has  a  thickness  of  200  to 
300  feet,  so  far  as  can  be  gathered  from  the  descriptions,is  overlaid  by  from 
10  to  50  feet  of  marly  beds  intercalated  with  thin  limestone,  which  form 
the  upper  group.  Silica,  which  is  always  present  in  varying  quantity  in 
the  lower  group,  and  sometimes  forms  large  flinty  concretions,  is  much 
more  prevalent  in  the  upper  group,  and  the  fossils  are  beautifully  siiicified, 
especially  at  Musa  Khel,  and  are  generally  very  mimerous. 

The  fauna  of  this  division  is  a  very  extensive  one,  comprising  169  dis- 
tinct species,  and  might  e  isily  be  extended  by  systematic^collec^ng.^  Of 
these  twenty-two  have  been  found  in  other  parts  of  Asia  and  Europe 
whose  distribution  in  time  is  shown  by  the  following  tabular  statement:— 


Carboni- 

Permoc^r- 

Permian. 

ferous. 

boni^erous. 

Mactocheilus  avellannides       .          . 

•  •• 

•  •  • 

^ 

Pseudomonotis  gosfoithcnsis 

1 

> 

•  •  • 

•  9  . 

¥: 

Cametophoria  humbletonensis 

•         1 

1 

•  •  • 

•  •  ■ 

•X- 

„            supeistes   . 

1 

.* 

¥r 

•  •  • 

•  •• 

Spifigerella  derbyi , 

1 

^ 

•  •  • 

•  •  ■ 

A  thy  r  is  royssii 

•X- 

^ 

^ 

Spirifetina  cristaia 

•  •  • 

^ 

^ 

Spiri/er  moosakhailensis 

^ 

^ 

•  •• 

Orikis  cf,  indica      • 

•  •  • 

•X- 

«  •  « 

Productus  lineatus 

• 

* 

^ 

•  •• 

II          ^^''^ 

^ 

^ 

•  •  • 

„          humboldti 

I 

^ 

... 

•X- 

„          abichi    • 

t 

•  •• 

... 

•X- 

„           iumidus         i 

•  ■  • 

... 

-X^ 

Marginiftta  typica 

•  •  t 

^ 

••« 

Fenestella  perrUgans 

■X- 

•  ■  • 

■K- 

Synocladia  vtrgulaeea     , 

1 

•  •• 

•  •• 

* 

Thamtiiscus  dubius 

>         < 

•  •  • 

•  •• 

^ 

Acanthocladia  anceps     . 

)         I 

•  •  t 

•  •  • 

•K- 

Spirorbis  helix        • 

)                 a 

•     • 

•  •  t 

•  •• 

-X- 

Ct  init»ella  columnaris   . 

t 

•  •  • 

•  •  • 

^ 

Stenopora  ovata      .          ', 

• 

■X- 

•  •  • 

•  •  • 

It  will  be  seen  from  the  tabular  statement  that  the  fauna  is  distinctly 
newer  in  type  than  that  of  the  lower  diviMcn,  and  contains  a  larger  propor- 
tion of  exclusively  permian  forms.  It  is  also  marked  by  the  appearance 
of  certain  species  with  decidedly  mesozoic  affinities,  namely  Nautilus 
peregrinuSf  and  Oxytoma  atavum^  which  are  allied  to  Jurassic  species, 
Hemiptychina  inflata  has  its  nearest  ally  in  the  trias  of  Italy.     Pecten  is 

»  A  full  list  of  fossils  will  be  found  in  Pal,  Indica,  series  xiii,  IV,  60,  186,  19^  (1891). 
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seldom  found  below  the  trias,  and  the  genus  Oldhamina  has  its  nearest 
relation  in  the  rhaetic  Pterophloios.  These  mesozoic  forms  preclude  us 
from  assigning  the  group  to  an  older  date  than  the  permian,  but  the  relation- 
ships are  not  close  or  extensive  enough  to  justify  assuming  a  more  recent 
date  than  is  indicated  by  the  rest  of  the  fauna. 

The  upper  Productus  beds,  whose  whole  thickness  does  not  exceed  100 
feet,  consist  of  light  yellowish  sandy  dolomite  impregnated  with  silica. 
The  fossils  are  abundant  and  always  silicified,  but  usually  only  on  the 
inner  and  outer  surfaces  of  the  shell.  Rusty  coloured  ferruginous  dolo- 
mites, which  are  occasionally  found  in  the  lower  division,  are  not  entirely 
absent  from  the  upper  one,  but  they  are  very  rare. 

There  is  said  to  be  a  somewhat  abrupt  litbological  change  from  the 
divisions  immediately  underlying  this,  but  there  is  no  corresponding  change 
of  the  fauna,  over  one-third  of  the  total  number  of  species  being  also  found 
at  a  lower  horizon.  The  fauna  is  a  very  extensive  one,  no  less  than  175 
species  having  been  recorded,  and  Dr.  Waagen  has  expressed  an  opinion 
Lhat  this  number  might  be  doubled  by  systematic  search.^ 

The  general  facies  of  the  fauna  is  permian,  though  only  eighteen  species 
:iave  been  found  elsewhere  in  beds  that  are  believed  to  be  of  permian  age, 
lalf  in  the  permian  of  Europe  and  half  in  Armenia.     But,  mixed  with  these 
palaeozoic  fossils,  there  are  numerous  forms  which  show  more  distinctly 
mesozoic  affinities  than  those  found  in  the  groups  below.*    Among  these  the 
most  remarkable  are  the  Ammonitidas  represented  by  Cyclolobus  oIdhamt\ 
^rcestes    attttquus^   A.   priscuSy   Xenodiscus   carbonarius^   X.    plica tus^ 
Sagoceras  hauerianum.     When  these  were  discovered,  some  twenty  years 
SLgo,^  the  finding  of  well  characterised  ammonites  in  beds  containing  numer- 
ous brachiopoda  of  palaeozoic  types,  and  believed  to  be  of  upper  carbonifer- 
ous age  or  intermediate  between  that  and  the  permian,  was  regarded  as  so 
-extraordinary  that  doubt  was  cast  on  the  accuracy  of  the  observation.     Sub- 
sequent researches  have  shown  that,  even  if  we  exclude  all  the  species  having 
mesozoic  affinities,  there  is  nothing  in  the  fauna  to  warrant  us  in  assigning 
it  an  older  date  than  the  zechstein,  or  upper  permian,  of  Europe,  while  the 
presence  of  the  mesozoic  forms,  and  their  superposition  on  distinctly   per- 
mian strata,  leads  us  to  regard  the  beds  as  even  newer  than  this.  The  prestrnce 
of  true  ammonites  in  these  beds  has  consequently  become  less  surprising 
than  it  was  at  first,  owing  on  the  one  hand,to  the  establishment  of  the  true 
age  of  the  Salt  range  i4mi7i(7;f/V/V^  as  uppermost  permian,  or  even  newer, 
and  on  the  other,  to    the   subsequent  discovery   of  Cephalopoda  cloiely 
allied  to  the  Atntnonitidse  in  upper  palaeozoic  rocks. 


^  Full  lists  will  be  found   in   PaL,   Indica, 
leriesxiit,  IV,  6o,  210,  23 1,  (1890-91). 


'  Pal,  Indica,  series  xiii,  IV,  213,  223,  (1891}. 
*  Memoirs ^  IX,  351,  (1872). 


128  GEOLOGY   OF   INDIA— CARBONIFEROUS  AND   TRIAS.      [  Chap.  VI. 

The  topmost  productus  beds  ol  Dr.  Waagen,  here  separated  as  the 
Chidru  group,  are  only  about  15  feet  in  thickness,  composed  of  soft 
light  yellow  sandstones,  with  coaly  bands  at  the  base  in  some  of  the  sec- 
tions. No  actual  unconformity  between  tliese  beds  and  those  below  has 
been  detected,  but  a  considerable  interval  of  time  probably  intervened 
between  the  deposition  of  the  two,  for  only  seventeen  of  the  sixty-three 
species  are  also  found  in  the  beds  below,  and  there  is  a  complete  change 
in  the  type  of  the  fauna  from  one  in  which  the  Brachiopoda  comprise  more 
than  half  the  total  number  of  species  and  the  Lamellibranchiata  less  than 
one-tenth,  to  one  in  which  the  proportions  are  almost  exactly  reversed.  The 
fossils  are  all  described  as  more  or  less  rare,  except  Margarttina  schwa- 
gen\  which  is  said  to  be  very  common.^ 

The  general  type  of  the  fauna  is  distinctly  less  palaeozoic  than 
any  of  the  preceding  ones.  Only  four  species  Schteodus  rotundatus^ 
Nucula  trivial t's^  Pseudomonotis  radialiSy  Athyris  sub-expansa^  are 
identical  with  permian  forms  of  other  countries,  while  of  the  species 
peculiar  to  (his  group  twenty-four  have  palaeozoic  affinities,  and  no  less 
than  twenty-two  are  allied  to  mesozoic  forms.  So  far  as  the  palaeon- 
toU'gical  evidence  goes  we  are  already  well  on  the  way  into  the  secondary 
era,  even  if  the  beds  cannot  be  regarded  as  lowermost  trias  in  age.' 

The  Chidru  group  closes  the  conformable  sequence  of  beds  containing 
palaeozoic  fossils.  No  unconformity  between  them  and  the  next  overlying 
beds  has  been  established  as  yet,  but  one  is  suggested  by  a  section, 
recorded  by  Dr.  Waagen,  in  which  the  mesozoic  beds  followed  immediately 
on  the  upper  Productus  bods,  with  a  basal  conglomerate  but  without  the 
intervention  of  the  Chidru  group.*  However  this  may  be  there  must 
certainly  have  been  a  considerable  time  interval  between  the  two,  for  not 
a  single  species  bridges  the  interval  and  is  found  both  above  and  below 
the  separation  of  the  Chidru  group  and  the  ceraiitc  beds  which  overlie  it. 

The  general  aspect  of  the  triassic  ceratite  beds  is  such  that  they  might 
easily  be  classed  with  the  Productus  beds,  the  succession  varies  much  as  to 
details,  but  consists  generally  of  a  thin  limestone  with  C^r/z/iVe^j at  the  base, 
succeeded  by  a  thick  marly  zone  which  yields  readily  to  weathering,  and 
turns  a  light  greenish  colour.  It  is  overlaid  by  grey  sandstone,  and 
flaggy  limestone  with  many  ceratites,  passing  upwards  into  grey  nodular 
marls  capped  by  hard  limestones  and  calcareous  sandstones.  Some  of  the 
bands  of  limestone  contain  glauconite,  and  beds  of  conglomerate  occasion- 
ally occur,* 

Owing  to  these  beds  having  been   at   first  confounded  with  the  under- 

*  A  list  of  species  is  given  in  PaL  Indica,   I     '  Pal.  /ndica,  series  xiii,  IV,  230,  (1891). 
series  xiii,  IV,  60,  228,  (iSgo-9t\  \    ^  Pal.  Indica,  series  xiii,  IV,  227,  (1891). 

*  Memoirs,  XIV,  96,  (1878). 
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lying  Prcductus  beds,  and  to  the  later  collections  not  h.-iving  as  yet  been 
described,  it  is  impossible  to  give  a  list  of  fossils.  Geratites  abound  and, 
most,  probably,  all  of  the  species  described  by  de  Koninck  ^  are  from 
triassic  beds.  Besides  these,  which  are  the  characteristic  fos>ils  of  the  group 
species  ol  Or Ihocer as,  Anoplophoray  Cardinia^  Gervilia^  and  Rhynconella 
are  found,  among  which  the  bivalves  predominate.  The  most  remarkable 
form,  however,  is  a  species  of  Bellerophon^  a  genus  not  known  to  o:cur  in 
recks  of  later  than  palaeozoic  age  in  Europe. 


In  the  central  Himalayas  there  is  no  marked  unconformable  break 
between  the  lower  and  upper  palaeozoic  rock  systems,  such  as  is  found  in 
the  Salt  range,  and  the  carboniferous  follows  with  perfect  conformity  on 
the  underlying  beds. 

The  oldest  rock  group  which  can  be  regarded  as  carboniferous  is  a 
crinoidal  limestone,  usually  red  in  colour.*  Mr.  Griesbachs  collections  have 
not  yet  been  examined,  but  some  fossils  brought  by  Mr.  Hughes  from  a  white 
crinoid  limestone  in  the  Milam  pass  were  ound  by  Dr.  Waagen  to 
include ;— * 


hemiptychina  himalayensis, 
Notothyris  suttesiculans, 
Athyrts  royssii. 


Spit  if er  gluber, 
Producttis  semireticulatus, 
Lyttonia^  sp. 


The  horizon  of  this  tauna  is  regarded  by  Dr.  Waagen  as  about  that  of  the 

"Pper  portion  of  the  lower  Productus  beds.     The  crinoid  limestone  is  over- 

iaid  by  a  series  of  line  grained,  hard,  white,  quartzites,  in  thick  beds  with  a 

'^"^vshaly  partings,  which  were  originally  included  by  Dr.  Stoliczka   in  his 

Muth  series.     In  Spiti  they  are,  according  to  Mr.  Griesbach  overlaid  by,  and 

partially  interslratified   with,   flaggy  dark   grey  to  blue  limestones,   which 

contain /J /Ay r/i  royssii,  and  Productus^  sp.,  marking  them  as  carboniferous 
in  acr^ 

111  the  Sp  ti  valley  General  McMahon  has  recorded  the  occurrence,  in 
Iwo  places,  of  beds  of  fine  grained  slate,  through  which  small  rounded 
qnartz  pebbles  are  scattered.  The  similarity  of  this  bed  to  that  of  the 
olaini  group,  which  will  be  described  further  on,  as  well  as  its  structure, 
are  suggestive  of  the  action  of  floating  ice.  1  he  exact  horizon  of  the  bed 
lias  not  been  determined,  and  it  is  not  certain  whether  it  should  be  classed 
With  the  group  just  described,  or  that  which  overlies  it/ 

The  white  quartzites,  with  their  overlying  limestones,  are  abruptly  over- 
laid by  a  group  of  shales.     The  junction  is  said  to  be  unconformable,  the 

*  ^"a'/.  Jour.  Geol,  Sec,  XIX,  1 1,  (1863).  «  Records,  XII,  62,,  (1879).    Sec  also  Records, 

i^^oirs,  XXIII,  59.  (1891).  Supra  p.  114.      XXI,  151.  (1888). 
^"'-  Indica,  series  xiii,  IV,  167,  (1891). 
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unconformity  being  accepted  on  the  strength  of  the  sudden  litbologiral 
change,  and  of  the  shales  resting  in  different  sections  on  different  horizons  aC 
the  carboniferous  strata.  These  shales,  apparently  together  with  part  of 
the  underlying  quartzites,  were  distinguished  by  Dr.  Stoliczka^  as  the 
Kuling  series  and  regarded  by  him  as  carboniferous.  Mr.  Griesbach  has 
divided  them  into  a  lower  portion,  composed  of  dark,  generally  black, 
somewhat  micaceous  shakes,  often  carbonaceous,  with  coaly  traces  here  and 
there,  of  permian  age ;  and  an  upper  portion  of  very  simitar  shales, 
difficult  to  f||stiiigu]sh  lithologically,  though  they  are  somewhat  less  earthy 
and  micaceous,  which  he  regarded  as  lower  triassic  in  age. 

Of  the  fossils  from  the  Kuling  series,  described  by  Dr.  StoHczka,  which 
were  probab\y  for  the  most  part  derived  from  the  lower  part  of  the  shales, 
Productus  ^^mireticulatus  and  P.  purdoni  are  found  in  the  Productu« 
beds  of  the  Salt  range,  the  former  in  the  lower,  the  latter  in  the  middle 
division,  but  i^re  both  rare.  Spirt fer  moosakhnilensis  is  found  in  all  three 
divisions,  but  Is  abundant  only  in  the  middle  one. 

The  shaly  beds  pass  conformably  upwards  into  a  great  series  of  lime- 
stones, the  Ulang  and  P4ra  of  Dr.  Stoliczka,  which  have  been  subdivi«ieci 
by  Mr.  Gricsb^vh  as  follows*: 

10.  Liver  coloared  limestone  with   greenish    gieyV 
shales  in  Niti,  strong  limestones  elsewhere. 
Cor  big,  sp. 
9.  Friable  shales  and  earthy  beds  in  Niti,   lime- 
stones and    shales   in   Spiti   and   Nilanig. 
Spirifer  lilatigenis.  ^C«  up<T. 

8.  Limestone.  Tiopitea,  sp.         .         ,         , 
7.  Earthy  limestone  and  shales  .... 
6.  Black   limestone,    Hags  and    dolomites.    Doe- 

nelfa,  sp. 
5.  Black  limestone  flags  and  partings  of  splintery 

black  shales. 
4.  Hard   grey  concretionary   limestone  in  thick 


/' 


Upper 


/ 


Tktas 


MuscIierkcnR:. 


\ 


Lower 


lick  *) 
beds.     Ptychites  geratdi.  \ 

%  Earthy  limestone.     Rhynconella  semiplecta, 
2.  Lim*  stones  alternating      with  "S  Posfdonomya, 

I.  Dark  shales  and  limestone  part- ^  (7/or^r/rf  ^       siein. 


ings. 


fBondroardi. 


Speaking  generally,  the  lower  part  of  the  central  Himalayan  trias  may 
be  described  as  a  series  of  very  dark,  almost  black,  hard  limestones  with 
partings  of  shales;  the  upper  part  varies  more,  being  represented  by  a  great 
tliickness  of  friable  shales  in  the  Niti  and  Milam  sections,  but  in  Spiti  and 
to  the  east  it  is  a  limestone  formation.  The  total  tliickness  of  the  trias  is 
about  4,000  feet   in  Niti,  but  probably  exceeds  that  to  the  east ;  in  Sp-iti 


^Memoirs,  V,  24,  (1865). 


I      «  Memoirs,  XXIII,  69,  (1891). 
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Dr  StolicekA  estimated  the  tliickntss  at  1,000  tu  2,000  feet.  The  under- 
lying Productus  shales  arc  quite  insigniiicant  in  coin,)arison  to  tliis,  being 
only  150  feet  thick.  The  most  noteworthy  feature  of  the  Hiinilayan 
trias  is  ihe  abundant  cephalopod  fauna  of  the  lowest  beds,  a  fauna 
««remely  abundant  in  .'^pecitnens,  though  not  so  extensive  as  regards 
species,  and  remarkable  for  its  transitional  character  between  a  palaeoioic 
And  naesozcic  facies. 

In  the  central  Himalayas  the  trias  is  succeeded  with  perfect  con- 
formity by  a  thiek  series  of  limestones,  formerly 
regarded  as  rhaelic  and  liassic,  above  which 
coraes  an  abrupt  lithological  change,  not  known 
to  be  accompanied  by  unconformity,  at  the  base  o( 
^■-L.1  ||ll\VViV>'  the  Jurassic  series. 
^-^-'-'^-i^^^i^^^  According  to  Mr,  Griesbach's   description  the 

^*^-^%~DaontUa  (//a'oHfl)      combined   rlisetic  and  lias   have  a   thickness    o( 
«  1,     i*(m.  V  iiaj .       2,50010  3,000  feet,  of  which  the   litis  only  com- 
prises 100,  and  are  divided  as  follows  :  • 


S-  Black  shales  and  dark  earthy  HmestonDS  with  outiiic  struclure ;  lon-er  lias  fossils. 
^  Grey   crinoid  limestones  in  irregular  Ihin  beds;   TtrebraluU  hjrnJ.!,  CervilU 

O-  LithoJtiiJroa  limestone  in  thick  beds. 

3.  A  great  thickness  uf  limestones  and  dulomities,  ifegalo.lcm,  sp, 
M,  A  great   thickness  of  dolomites  and  flaggy  dark   limestones  with  thick -bed  Je<i 

dolomites,  which  pass  downwards  into  ihe  upptr  tiias. 

In  his  original  description  of  the  rocks  of  Spili,  Dr.  Sloliczka  adooted 
*    <=  1  sssitication  different  Irom  the  more  rutent  one  of  Mr.  Grieabach  fortlie 
*=<is  above  the  carboniferous.     It  is  given  heic  iu  abstract,*—. 


Upper  TAOLiHo  (Ji'.f)-- Dark  earthy  or  dclomitic  bituminous  limestotiei  thickness 
=-^irl)r  1,000  (eet. 

LowBK  TAGLiNQ  {Uarer  lias  or  r''WiV).  — Dark  grey,  brown  or  black  limestone, 
*-^»^^ earthy  or  biluminaus,  weathering  into  a  rutty  brown;  more  ll  an  i,ooo  feet  thick. 

FiRi  LiMEsiONBS  rhalic  or  vpptr  fri'ni).  — Black,  dolomitic,  strongly  bituminous 
i*«^atones ;  700  feet  thick. 

1-iLiNO  SisRies  iuffii-  or  mtrfrf/*  (r/.ti).— Dark  li.-nes;ones,  calcareous  shales  and 
^^^^c^i  the  limestone  compact  or  oolitic  and  quasi-concretionary  in  some  u(  the  lower 
**«ds;  1,000  to  2,000  feel  thick. 

In  the  preceding  pages  a  brief  outline  of  the  published  descriptions  of 
*"e  Hewer  palccozoic  and  older   mesozoic  rocks  of  the  central    l-limdlayas 
»>aii  been  given.     No  details  have  been  entered  into,  nor  has  any  attempt 
"^^n  made  to  clear  up  the  discrepancies  which  are  apparent,  as  the  fossils 
"*ai  have  been  collected  in  this  area  are  at  present  being  examined  and  de- 
scribed, and  it  has  already  become  evident  that  this  cxaiiunaiion  will    result 
'''a  considerable  nioditication  of  the  correlations  adopted  up  to  now.     The 
'  Utmoi,,,  Xilll,  73,  (i^sii),  1  *  i/tmoi.s,  V.  pi.  i,  {:865)- 
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GEOLOGV  OF  I"  according  1°  ^^^       conclusions 

p,l;eoutolog^s^;;^^W  Character  are.  ^^^  *V  e  og«i«ed.  one  alUed 

,0  provisional  m  ^      ^^t^eeu  the  ^«  cauberecog  g^^^  ^nge, 

llontological  b^e^*^  success.vejau  o    U      ^^  ^^..^ed 

SUarbomie^°"^,'*3    the  otber  to  tbe  P'  and  bas  sbo        ^  ^^^  ^nas 

^  tbatot  ^«f  ^';%,„evly  veg^'^'':teon  ologlcal  V>rea^  ^et;       „^,,.  .vb.ch 
and  tbat  tbe  ^«f  \;°„g  ^  distinct  pal*o^      ^,Vtcat\on  oi  thes  ^^  ^„, 

-^  ^'^^^  a  ^rnnotV  long  ^^^f^jtCcentral  ^^^.^  obscure  .- 
•»^  ■"  ^^dt  o  the  stratig-P^^;  ,,s  ,„d  uncertamUe- 
UnoNvledg«  °    ^^  ^^^  jnconsisten 

^■^^^'"^  ,    ,„d  in   tsvo   great 

The  bed:.  ^^'    ^.g    one  ot  >yn»  valleys  ol  i"       '     Kartse.      »"f3 

basins  ol  <i--;";^reS.er  occup-^  ^^  .J  neigbbourboodoH^     ^^  ^^^^  ,, 
a^d  Garb^v^J^^,  beyond  tben.^°;    ^^^  ^^^fVeSa  district- 
tWer-  and  stretc      ^^^^  Kashmir  va^   ^^  ,„,„  to  the  ^  ^escribed  a« 

■      are  lound  aga^n  ,,  -' "^jj^a  have  f^^fj^l.c.o.s  system- 

scription  oi  the  ol  th.s  a  ^^^^^^  ^^.e  «^«^  .    -^ti^s  by  ^vb■•^• 

'I he  older  rock  s)  .^^,  ^.as  ^««^"    •     parked  pecuU*  ^^.tainty  o^ 

The  beds  ol  ^*"   -o'nised  w'tb  a  g       i^om  the  wester  ^^  ^j  Si«^ 

a  large  area  ^^^shwir,  V)ur  ^eeu  ^^^^  l,as  • 

to  the  confines  oj  ^  .^^  ^^^^^^  ,,,at  Oiey         ^^^^  ^^  n  of         ^^^^^^^  ^ 

a„d  the  protectee  ^.^^  ^y^iem  an  ^^^.tes.  ^zites, 

The  lo-est  "--\;\„der  the  nam    oi^^^^^^^   «T^  ridable  that  0 

.eady  been  rele^e^^  ^^.^^  ^J J  eTt^o'ugU  it  is  b^  J^^^  ,„,  ol  t. 

aPP^'*^*^   'bre' Aas  yet  ^een  f;^^,,ailed  survey.    ^^        .^  ,,  do 

^vhich  no  breaU   ^^,3,v>lished  by  d     ^^.bonaceous  s>st        ^^  ^^-^V,  a  gr 
or  «'°'^"  ^"^1  be  classed  NVith  the  ^  ^^^^^^    on  orma        ^^  ^.^^ 

beds  s^°"^\^'    tones  appear  to  be  P. ^^^^^^^^  ^^  ^^^ 

but  the  uppeVn°^^^,o  marked  an  ^d  complicated   struc^u      ^^^^^^^^ 
otbeds.Nvbicbbav      ^^.avelbog   ^«        ,l,U  system- 

and    >«    «^'  through  the     at-         ^^,      a,e  P°°'^!gj„.  Cl.  pt-  '• 

»  M  these  P»ges  .««  J^f  Cepha^opoaa  Wje    ^  ,,^    W  ^^ 

P''**    HCa»ay»"  "■'*'  l^?  Inge  of  the  Euro-     «  j,.  XX  .  '33-  V 

been  P«^^'f '  ,    been    defin.tely  ^^^^^^Ic 

p*an    trias  t>as        ^^^^^.„  ^^  the 
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member   of   this    group,    which    Mr.   Medlicott    nan>ed    Blaini*   after    the 
stream  of  that  name,    flowing   westwards  from  Solan,  is  a  congh)nieratic 
slate,  composed  of  rounded  pebbles  of  quartz,  ranging  up  to  the   si«e  of 
a  hen's  egg,  or,  in  other  cases,  angular  and  subangular  fragments  of  slate 
and  quartzite  of  all  >i2es  up  to  some  feet  across,    which    are  scattered  at 
Intervals  through  a  fine  grained  matrix.    It  contains  numerous  fragments  of 
the  volcanic  beds  of  the  Jaunsar  system,  where  exposed   in  the  neighbour- 
hood of  their  outcrop  in  the  Naira  valley  in  eastern  Sirmur,  and  here  even 
the  matrix    has  much  the  appearance  of  a  volcanic  ash,^  though    as  a    rule 
there  is  not  the  sliijhtest  trace  of  volcanic  material  either  in  the  matrix  or 
in  the  included    fragments.      This    remarkable    rock    has   been   observed 
^rom    east  of  Mussooree  at  intervals  to  beyond  Simla,  and  is  generally, 
though  not  invariably,  accompanied  by  a  band,  20  or  30  feet  thick,  of   thin 
bedded,  usually  j:ink,  dolomitic  limestone,  which  lies  on  top  of  the  zone  in 
which  the  beds  of   conglomeratic  slates    occur.     The  agency    by   which 
blocks  of  stone    were  dropped  over  so  large  an  area  into  a  tranquil  sea, 
in  which    alone   the    matrix  could    have  been  deposited,   must  have  been 
"0  local  one,  and  the  only    one  that  appears  at  all    adequate    is  that   of 
floating  ice.    No  smoothed  and  striated  fragments  have  been  found  as  yet, 
though  one  is  occasionally  met  with  showing  striation  resembling  those  pro- 
auced  by  glaciers,  but  the  rock  has  invariably  undergone  much  compres- 
^'on   and  disturbance,  at  times  accompanied  by  a  distortion  of  the  shape  of 
'he    included  fragments,  which  might  account  either  for  the  obliteration  of 
distinctly   glaciated    surfaces,    or  for  the    production  of   those  scratches 
^^nich    have  been  observed.      No  certain  conclusion  can,  consequently,  be 
arawn  from  the  occasional  presence,  or  general  absence,  of  striation,  but 
^"^  Only  alternative  hypothesis,  that  the  rock  is  in  fact  the  volcanic  breccia 
whic^h  at  times  it  resembles,  appears  to  be  excluded  by  the  infrequence  of 
^oica.iiic  material    in  it,  and  the   absence  of  any  other  associated  volcanic 
oeds,  while  the  included  fragments  are  too  mumerous  to  be  accounted  for  by 
the  aetion  of  floating  drift  wood. 

^  he  boulder  beds  are  overlaid  by  a  series  of  shales  or  slates,  charac- 
terise^ by  the  greater  or  less  prevalence  of  carbonaceous  matter,  which 
^'^*"^  originally  described  as  infra-KroP,  from  the  fact  that  they  underlie  the 
hiriestone  of  the  Krol  mountain.  The  name  has  since  been  so  commonly 
"^^^  in  the  publications  of  the  Geological  Survey  that,  in  spite  of  a  certain 
^^^•^Wardness,  it  cannot  well  be  abandoned  now, 

1  he  carbonaceous  impregnation  of  these  shales  is  very  irregularly  dis- 
"*V>uted,  being   often  extremely   conspicuous,   especially    where  the  rock 

^^moirs,  III,  pt.  ii,  p.  30,  (1864).    The  name  I  correct,    ffecotds,  X,  204,  (1877). 

^^    Originally  spelt  Blini,  being  the  spelling  *  Rccoids,  XX.  156,  ('887). 

^Pted  in  the  Atlas  of  India.  The  speUing  in  '  Memoiis^  III,  pt.  ii,  29,  (1864). 
^   t.^xt  was  sjbae(]uenlly  introduced  as  more 
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has  undergone  crushing^  but  at  other  times  wanting,  at  any  rate  near  the 
surface.  Not  infrequently  the  btarkest  and  most  carbonaceous  bed» 
weather  almost  white  by  the  removal  of  the  carbonaceous  element. 
Above  these  beds  there  is  usually  a  series  of  quartzites  of  very  variable 
thickness,  varying  from  about  20  feet  in  the  sections  south  of  the  Krol 
mountain  to  some  thousand  feet  in  western  Garhwil.  They  are  very 
noticeable  at  Simla,  forming  the  whole  of  the  Boileauganj  hill  and  the 
lower  part  of  Jutogh,  where  they  have  been  called  Boileauganj  quartzite:^ 

In  western  Garhwil,  between  the  Tons  and  Pibar  rivers  these  quartzites 
contain  fragments  of  undecomposed  felspar,  usually  subangularbut  in  some 
of  the  beds. large  and  angular,  mixed  with  quartz,  mica  and  fragments  of 
the  accesory  minerals  of  the  Himalayan  gneissose  granite  and  gneisses, 
the  whole  forming  a  rock  which,  having  become  foliated  by  a  subsequent 
slight  metamorphism,  is  sometimes  difficult  to  dibtinguish  at  first  glance 
from  the  true  gneissose  granite.' 

The  uppermost  member  of  the  system  is  another  group  of  car- 
bonaceous slates,  associated  with  carbonaceous  or  graphitic  lin^estones*, 
V  hich  pass  upwards,  in  western  Garhwal,  into  blue  limestones.  In  the 
Krol  mountain  the  uppermost  beds  are  blue  limestones  wiih  associated 
shaly  bands,  mostly  grey  in  colour,  though  there  is  one  distinct  zone  of 
red  shales,  but  as  no  carbonaceous  beds  are  associated  with  them,  and 
as  the  underlying  quartzite  exhibits  remarkable  variations  in  thickness, 
it  is  uncertain  whether  these  limestones  of  the  Krol  group  are  the 
equivalents  of  those  just  referred  to  or  belong  to  a  later  unconform- 
able system. 

The  beds  of  the  carbonaceous  system  contain,  on  most  of  the  sec- 
tions, interbedded  basaltic  lava  flows  and  more  or  less  impure  volcanic 
ashes,  either  recognisable  as  such,  or  represented  by  hornblende  schists, 
where  the  rocks  have  become  schistose.  The  range  of  the  volcanic 
beds  varies  on  different  sections.  Their  usual  position  is  in  the  upper 
band  of  carbonaceous  shales,  but  they  are  also  found  among  the  quartz- 
ites and  in  the  upper  part  of  the  infra-Krol,  though  they  never,  so  far  as 
is  known,  extend  down  as  far  as  the  Blaini  group. 

In  Kashmir  fossiliferous  beds  of  upper  palaeozoic  age  are  underlaid 
by  a  great  slaty  series,  the  whole  of  which  was  grouped  by  Mr.  Lydekker 
in  his  Fanjdl  system^  and  regarded  as  silurian  and  cambrian,  partly  on  ac- 
count of  its  underlying  supposed  carboniferous  beds,  partly  on  account  of 
the  opinion  regarding  the  age  of  the  Blaini  group  which  was  prevalent 
when  he  wrote.     A  large  part  of  these  slates  are  doubtless  of  older  palaco* 

»  Records,  XX,  160,  (1888).  |  =  Records,  XX,  148,  (i8£8). 

J  Afemoirs,  XXII,  209,  (1883). 
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zoic  age,  but  part  at  least  appear  to  be  more  properly  classed  with  the 
upper  palaeozoics. 

The  oldest  of  the  beds  with  which  we  are  at  present  concerned  is  a 

conglomeratic    slate,    composed    of  subatigular    fragments   and  rounded 

pebbles  of  slates  and  quart^ites,  imbedded  in  a  matrix  of  fine  grained  slate. 

The  rock  is  in  every  way  similar  to  the  lilaini  group  of  the  Simla  area, 

and  the  same  arguments  in  favour  of  a  glacial  origin  are  applicable  in 

both  cases.     Besides  this,  the  Kashmir  boulder  bed   occupies  thesams 

l>osition  relative  to  fossiliferous  beds  of  carboniferous  age  as'the  glacial 

boulder  clay  of  the  Salt  range  does  relative  to  the  Productus  beds,  and  as 

It  is  reasonable  to  suppose  that  the  extreme  cold  which  affected  the  one 

area  must  have  extended  to  the  other,  we  may  take  it  as  certain  that  the 

so  called  Panjdl  conj^lomerate  is  also  of  glacial  origin. 

The  boulder  slate  is  overlaid  by  a  series  of  quartzites  and  black  car- 
bonaceous slates,  in  the  upper  portion  of  which  there  is  an  abundance  of 
contemporaneous  volcanic  rock,  and  above  these  there  are  thin  bedded, 
/i^lit  blue   and  white   fossiliferous   limestones   from   which   a  number  of 
fossils   have  been  collected  by   different  observers.     The  following  list, 
quoLed  on  the  authority  of  Mr.   Lydekker,  includes  all  those  known  up  to 


I_ 


HALOPODA— 

Orfho:eraSf  sp. 

I  BLLIBRANCHIATA— 

Aviculii,  sp. 
Aviculolyecten,  sp. 
Soletiopsis,  sp. 

chiopoda — 
^   P.  Athyris  subh'lita. 
*    ^-  P.        „       royssii, 

Camerophoridt  sp. 
Chonetes  (?)  nusiem'ana, 
'^^    E.  »»  hardrensia  var^, 

sis. 


»» 


f* 


E:, 


A. 


H. 


^.  p. 
»i-p. 

A  P. 


Discina  kas 
Or  this, 
P.  Product 


nensts. 


1,     5-A     / 
■•A    p   / 

7 


» 


»» 


9f 


cora* 
costatus, 
humboldti, 
lavis, 

longispinus, 
scabriculus, 
semireticulatua. 
(?)  spiuulosus, 
st  rial  us. 


Retsiih  sp. 


Rhynconella  Inrusiensis. 
„  kashmirien  ^is. 

E.  P.  „  pteurodon   var.  davie* 

uxiana. 
Spirifer  barusie'tsis* 

kashmiricnsis, 
keilhavii,  (V.  Raja), 

\ailenstS. 
strict  us, 
vercheri, 
villi  ana, 
K.  A.  P.  Spiriferina  octoplicaia, 
E.  A.  P.  Streptorhynchus  crenistria. 

E.  A.  StropJiomena      romboidiUis      var. 
analogam 
Terebratula  austeniana, 
E.  ..        sacctdus. 


»» 


POLVZOA— 

P.  Fenestella  (?)  lepida. 

P.  „  sykesi, 

P.  „  megnstonta, 

A.  Protoretepora  ampin. 

E,  Vincuhria  multanguLiris, 


(  RUSTACRA — 

E.  Ph  llil>s!a{'i)  ieininfer(i» 
^Miin  is,  XXI 1,  15^,(1883). 
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To  these  may  be  added  Lyttonia^  which,  according  to  Mr.  Lydekker,  is 
seen  on  the  weathered  surface  of  the  h'mestones.^ 

In  the  foregoing  list  the  letter  E  denotes  that  the  species  is  also'  found 
in  the  mountain  limestone  of  Europe,  A  in  the  marine  carboniferous  of 
New  South  Wales,  P  in  the  Productus  beds  of  the  Saltrange,  S  in  the 
Kuling  series  of  Spiti.  The  determinations  are  all  on  the  authority  of 
Dr.  Feistmantel,  as  quoted  by  Mr.  Lydekker.  Dr.  Waagen,  who  has 
adopted  a  narrower  definition  of  a  species,  finds  only  two,  z^f ».  Athyris 
subtiliia,  li^\\.=:Spirigere/la  derbyi^  Waag.,  and  Spirifer  moosaikmlen- 
siSy  Dav.,  identical  with  Salt  range  forms  *  Discina  kashmirtensiSy  Da  v., 
is  said  to  be  almost  identical  with  D,  warthiy  Waag.,  from  the  beds  at  the 
base  of  the  speckled  sandstone,  and  Dr.  Waagen  is  inclined  to  place  the  Kash- 
mir beds  at  a  horizon  intermediate  between  these  and  the  Productus  beds, 
representing  in  fact  part  of  the  unfossiliferous  speckled  sandstone.  The 
number  of  species  identical  with,  or  closely  allied  to,  Australian  forms  is  dis- 
counted by  the  fact  that  three-quarters  of  them  are  also  found  in  Europe, 
but  so  far  as  it  goes  is  more  in  accordance  with  Dr.  W^aagen's  correlation 
than  with  a  later  date,  and  we  may  conclude  that  the  carboniferous  fossili- 
ferous  beds  of  Kashmir  are  somewhat  older  than  the  lower  Productus  beds 
of  the  Salt  range. 

The  carboniferous  of  Kashmir  is  overlaid  by  a  series  of  limestones, 
exposed  in  synclinal  folds  of  various  sizes,  at  either  end  and  north  of  the 
valley.  They  are  the  equivalents  of  the  triassic  limestones  of  Spiti. 
They  are  sparingly  fossiliferous,  and  though  a  considerable  number  of 
forms  have  been  obtained  from  them,  the  only  ones  specifically  identifiable 
are  Ammonites  [Ptychitea)  gerardiy  Megalodon  gryphoides^  and  Spirifer 
stracheyi.  BesiHestlwt&e^  stems  of  Crinoids^  Orihoceras,  doubtful  Ceratites 
and  GoniatiteSy  and  several^J'Hiera  of  Gasteropods  and  Corals,  nil  more 
or  less  doubtful,  have  been  obtained 

It  will  be  seen  from  the  descriptions  th9l^J??[*e  is  a  great  similarity 
between  the  sections  in  Kashmir  and  the  Simi2^!l||k^  '"  both,  boulder- 
bearing  slates  of  presumably  glacial  origin  are  ovenSi^  by  a  series  of 
shtes  and  quartzites,  characterised  by  a  carbonaceous  imp^K^^^'^"  «^"^  by 
the  presence  of  contemporaneous  volcanic  beds,  and  in  both^^e  uppermost 
member  is  a  limestone.  The  resemblances  are  not  mere  lithsl^S'^^i'  ones, 
between  rocks  such  as  have  always  been  in  process  of  formanP"  at  every 
period  of  the  earth's  history.  They  are  exhibited  by  rocks  which\pwe  their 
origin  to  wide  reaching  causes  which  have  only  occasionally  acte^,  and  it 
is  difficult  to  resist  the  conclusion  that  they  are  evidence  of  the  coni^empor- 
aneous  origin  of  the  two  rock  series,  and  not  merely  accidental. 


] 


Records,  XVII,  37.  («884). 
2  Pal.  Indica,  series  xiii^  IV,  166,  (1891). 


«  Memoirs,  XXII,  158,  (1883). 
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The  country  intermediate  be^tween  the  Simla  and  Kashmir  areas  has  not 
as  yet  been  examined  in  any  detail,  but  we  know  from  Colonel  McMahon's 
descriptions  that  similar  carbonaceous  beds  with  associated  volcanic 
basaltic  traps,  underlaid  by  a  conglomeratic  slate  resembling  the  Blami  of 
the  Simla  area,  are  found  in  Chamba  and  near  Dalhousie.^ 

These  observations  serve  to  link  the  Kashmir  and  Simla  sections  and 
strengthen  the  conclusion  that  was  based  on  lithological  resemblances.  It 
has  not  as  yet  been  corroborated  by  the  discovery  of  fossils  in  the  south- 
eastern area,  though  the  rocks  are  in  many  places  perfectly  adapted 
for  the  preservation  of  organic  remains.  Even  in  Kashmir  territory,  once 
the  drainage  area  of  the  valley  is  left,  fossils  become  rare.  As  we  go  south- 
eastwards  they  become  more  and  more  sporadic  in  their  occurrence,  and, 
except  in  one  small  area  in  western  Garhwdl,*  not  a  single  fossil  of  older 
date  than  tertiary  has  yet  been  found  south  of  the  first  snowy  range. 

The  correlation  of  the  beds  of  the  carbonaceous  system  has  long  been  a 
stumbling  block  in  the  way  of  our  knowledge  of  Himilayan  geology.    When 
Dr.  StoHczka  visited  Spiti  in  1864,  the  rock  systems  below  the  Blaini  had 
not  been  identified,  and  the    section    along   the  road   through    Simla   was 
believed  to   represent  pretty  fully  the  sequence  of  stratified  rocks   in    the 
lower  Himalayas.     He  attempted  accordingly  to  distribute  the  beds  of  the 
Simla  section   over   the  section  seen  in   Spiti,  and    suggested    that  the 
Blaini    'conglomerate'    was  the  equivalent  of    certain   conglomerates  in 
the  Muth  series — Haimantas   according  to  the  classification  adopted  in 
this    work — and    consequently   at  least  as    old    as  silurian.'     It  does  not 
appear  that   Dr.  Stohczka  offered   this  correlation  as  more  than  a  guess, 
to  which  he  probably  himself  attached  small  value.     It  seems  certain  that 
he  did  not  recognise  the  peculiar  character  of  the  Blaini  rock,  but  regard- 
ed it  as  an  ordinary  conglomerate,  and  he  never  saw  the  rock  in  the  Spiti 
river,  which    is   an  exact   equivalent  of   the    Blaini  conglomeratic  slate. 
Yet   the   glamour     of   his    genius    has   shed   an     importance    over    this 
guess  which  it  was  never  intended  to  possess,  and  time  after  time  the 
Blaini  group  has  been  unquestioningly  referred  to  as  silurian.     The  more 
probably   correct  correlation  was  pointed  out  in   1888*  and  the  evidence, 
then  was  practically  as  strong  as  it  now  is.     It  comes  as  near  certainty 
as  is  possible  in  the  absence  of  palaeontological  evidence,  while  there  is 
really  no  evidence  worthy  the  name  in  favour  of  the  older  view.     Yet  such 
is  the  vitality  of  error  that  the  older  palaeozoic  age  of  the  Blaini  has   been 
accepted  without  question  in  one  of  the  latest  publications  on  Himalayan 
geology,  and  the  very  writer  who  first  drew   attention  to  the  probability 

>  Records,  XIV,  306,  (1881)  ;   XV,  34.  (1882);  1     »  Memoirs,  V,  14I,  ('865). 
XVII,  34,  («884).  *  Records,  XXI,  142,  (1888). 

'  See  infra,  p.  229.  I 
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of   its  being  carboniferous   or   permian,  is  quoted  as  supporting  the  view 
which  he  combated.* 

TJie  other  correlations  of  Dr.  Stoliczka,  of  the  quartzitcs  of  Boileauganj 
with  the  Ruling,  and  of  the  Krol  with  the  Lilang  limestone  of  Spiti,  are  prob- 
ably correct,  and  curiously  enough  an  apparent  confiimation  was  published, 
about  the  same  time  as  his  memoir,  in  Professor  Gumbel's  description*  of  a 
specimen  from  the  Schlagintweit  collection,  said  to  have  been  obtained  at 
Dharampur  near  Solan  in  the  Simla  district,  containing  three  fossils, 
Lima  lineata  and  Natica  gaillardoti^  found  also  in  the  Muschelkalk  of 
Europe,  and  a  new  species,  N,  simlaensis,  Dharampur  in  the  neighbour- 
hood indicated  is,  however,  a  well  known  locality  on  tertiary  rocks, 
and  specimen  in  question  must  have  come  from  a  totally  distinct  ground, 
probably  in  Tibet. 


In  the  Kdgin  and  Kishengangi  valleys,  north-west  of  Kashmir,  there 
are  a  number  of  small  outcrops  of  carbonaceous  slates,  overlaid  by  whit'i  or 
buff  crystalline  limestone,  folded  into  the  gneiss  and  schists.*  They  are 
probably  representatives  of  the  upper  palaeozoic  and  triassic  rocks  of  Kash- 
mir. They  have  not  been  closely  examined  or  surveyed,  and  are  mentioned 
here  merely  as  indications  of  the  former  extension  of  these  rocks,  and  as 
occupying  a  geographical  position  intermediate  between  the  carbon-trias 
of  Kashmir  and  of  the  Hazira  district  of  the  Punjab. 

At  the  extreme  north-western  extremity  of  the  Himalayas,  fossi- 
lifcrous  rocks  are  found  Fouth  of  the  snowy  ranges  in  the  district  of 
Hazira.  No  fossil iferous  beds  of  carboniferous  age  have  yet  been  identi- 
fied in  this  corner  of  the  Punjab,  and  the  only  indication  of  their  pre- 
sence, west  of  the  Jehlam  and  north  of  the  Salt  range,  is  the  dis- 
covery, by  Mr.  Lydekker,  of  Productus  humboldti  in  a  loose  block  of 
limestone  near  Hasan  Abdcll.*  The  age  of  the  rocks  underlying  the 
triassic  group  of  the  Sirban  mountain  near  Abbottib^d  is  uncertain,  but 
they  are  quite  unconformable  to  the  underlying  Attock  slates,  and  may  be 
carboniferous.  They  comprise  two  divisions  ;  the  lower  consists  of  sand- 
stones, shales,  and  silicious  limestones,  all  red  in  colour,  witi:  an  argilla- 
ceous breccia,  full  of  fragments  derived  from  the  underlying  rocks  at  its 
base,  but  the  published  descriptions  are  insufficient  to  determine  whether 
this  may  or  may  not  represent  the  glacial  boulder  bed  at  the  base  of  the 
carboniferous  in  the  Salt  range  and  in  Kashmir,  The  upper  division  is 
composed  of  dolomites  only,  lighter  in  colour  than  the  lower  beds,  often 
highly  silicious  and  of  considerable  thickness.     These  dolomites  are  over- 


»  Memoirs,  XXIII,  54,  (1891). 
^  Sitzungsber,   K,  Bair.  Akad.   Wiss,    Mun- 
chdA,  1865,  Bd.  II,  p.  364. 


»  Memoirs,  XXII.  205,  (1883). 
*  Manual,  ist  edition,  p.  501. 
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of  tlie  Pir  Panji!  and  Dliiola  Dliir  ranges,  bul  no  fossils  luive  90  far  been 
found,  except  some  obscure  gasleropods  in  tlie  Jehlam  valley.  Tliey  are  o( 
the  ordinary  Kashmir  type  of  qitartzitcs  and  carbonaceous  slates,  underlaid 
by  the  boulder  bearing  slates  jMid  overlaid  by  limestones.  Tlicre  are  some 
inliers  of  massive  grey  limestone  in  the  tertiary  area,  which  are  faulted  up 
on  their  south-west  side.  No  fossils  have  been  found  in  the  limestone, 
which  is  bedded,  compact,  dark  grey  to  black  in  colour,  resembling  the 
limestones  of  the  Himalayas,  and  is  probably  of  triassic  age  or  older.  They 
have  been  coloured  brown  on  the  map,  as  that  represents  their  most 
prcbable  age,  but  it  must  not  be  left  out  of  sight  that  they  may  well  belong 
to  the  older,  precarboniferous  series  of  limestones  of  the  Himalayas  or 
to  a  later  post-triassic  age.' 


To  the  north  of  Kashmir  a  series  of  limestones,  slates,  and  quartziles 
are  found  north  of  IsUardo  (Skardo)  in  Ballist^n,  which  are  probably  triassic 
and  carboniferous  in  age.  Further  eastward  beds  belonging  to  these  periods 
are  known  to  occur  in  the  Chang, 
cheng-mo  valley  and  the  Kara- 
koram  range,  only  Isolated  details 
are,  however,  known,  and  it  is 
im]>ossible  to  give  a  connected 
account  of  them,  but  they  cannot 
be  pas.sed  over  without  a  notice 
of  that  remarkable  group  of  fossils, 
allied  to  the  Foramtnifera,  known 
as  Syringosphii'i  idle,  which  are 
found  in  dark  shales,  below  a  lime- 
stone taken  to  be  of  triassic  age, 
on  the  northern  side  of  the  Kara- 
koram  pass.  They  arc  small,  rounded  or  oval  bodies  of  about  an  inch  in 
diameter,  and  had  long  been  known  as  Karakoram  stones.  Almost  the 
last  work  of  the  late  Dr.  Stollczka  was  the  collection  of  a  number  of  speci- 
mens which  were  described  by  the  late  Professor  Duncan*  under  the 
generic  names  of  Syringospha'fa  and  Stolhgkart'a,  the  former  including 
seven,  and  the  latter  one  species. 


Nfarine   carboniferous  rocks  are   kii 
the   HerSt  province,  in   the   Hindu   Ku; 

■  FHord,.  IX,  53,(1876);  itf^wiolVl,  XXII, 
20 .,  (,88j). 

'  Scientific  Results  ol  Ihe  SecnnA  V:irk.incl 
Mission,    SyringuaplixriaiL-,    Calcutta,     1879 


wn   to  occur  in    Afgli^iiistAn,   in 
,a  and  north  of   the  Sated   Koh, 

Record!,  XXIll,  eo-88,  (iSyo). 

'  C.  L,  Gri«sbi.cli,  ^..c^-Ji,XVI1t.  6z,<i885) ; 
XlX,  49,  240,liS8e),  XX,  17,  (188? J. 
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where  they  have  undergone  considerable  metamorphism  and  are  pene- 
trated by  granite  veins.^ 

According  to  Dr.  Fleming  boulders  of  Productus  limestone  were  found 
l:>y  him  in  the  streams  which  flow  eastwards  from  the  Suliimin  range,* 
l>ut  subsequent  observers  have  not  been  able  to  detect  carboniferous  rocks 
i  n  this  range. 

The  marine  carboniferous  rocks  are  overlaid,  in  Herdt  and  Turkesldn, 
l>y  a  series  of  plant-bearing  sandstones  with  scams  of  coal,  which  appears 
stlso  to  be  represented  south  of  the  Safed  Koh.^  These  are  lithologically 
XI  nd  stratigraphically  the  equivalents  of  the  Gondwina  system  of  the  Indian 
F*eiiinsula,  and  as  such  their  description  will  be  deferred  to  a  subsequent 
crlapter.* 


In  Tenasserim  the  only  other  region  where  marine  deposits  of  carboni- 
rous  age  are  known  to  exist,  there  is  a  great  accumulation  of  pseudo- 
>i-phyritic  sedimentary  beds  known  as  the  Mergui  group,^  whose 
principal  feature  is  derived  from  imbedded  fragments  of  felspar.  The 
rocrfe  in  its  normal  form  is  earthy,  but  highly  indurated,  passing  inlo 
sla-tj  masses  without  the  conspicuous  felspar  fragments  on  the  one  hand, 
a.i^<:l.  on  the  other  into  grits  and  conglomerates.  Resting  on  these 
grits,  are  dark  coloured  earlhy  beds,  finely  laminated,  with  hard  quartzose 
gritis.  These  rocks  cannot  be  less  than  9,000  feet  in  thickness,  and  in 
pla^oes  they  mu«^t  be  11,000  or  12,000  feet.  They  have  only  been  noticed 
Viitherto  near    Mergui,   and  nothing    is  known  of   theii;  relations. 

The  beds  of  the  last  group  in  the  Tenasserim  valley  are  succeeded  by 
the  Maulmain  groups  of  hard  sandstones,  often  in  thin  and  massive  layers, 
>vith  thin  earthy  partings,  sometimes  in  fine  laminae,  the  prevailing  colour 


'  C.  L.  Griesbach,  Records,  XXV,  71.  (1892). 
The  statement  that  *  lower  Silurian  fossils  from 
the  Khyber  hills  were  iound  by  Dr.  Falconer  in 
^**^   gravel  of  the  Cabul  river"  wr^s  made  by 
Colonel  (then  Captain)  H.  H.  Godwin-Austen 
'?  '06^^  in  a  paper  which  appears  to  have  been 
'^*^*'»*    up  from  field  notes  without  means  of 
access  to  published  info.-mation,  and  no  refer- 
ence    ig    supplied    to    any  original  authority  ; 
Q^^t,  your.Ceol.  Soc.   XXII,  29,(1866).     No 
"^^^«   of  the  discovery  of  such  fossils  can  be 
J**^*l    io  Falconer's  published   writings,  and 
Only  original   published  statement  is  in   a 
»<H>tnote  to  a  papier  by  Captain  Vicary,  Quart. 
7*'«*»'.  Ceol.Soc.  VII  ,45,  (1851).  Viciry  him- 
****  obtained  "  a  small  Spirifer^  Or  this  in  abund- 
J^oce,   -^    Terebratula    and   some    Polyparia'' 
WOni    limestone   boulders  in  the  watercourses 
near  Ptrshawar.     In  a  footnote  he  adds,  "  Dr. 


Falconer  obtained  specimens  of  Spirifer^ 
OrthiSj  and  other  palaeozoic  forms  from  these 
mountains  several  years  ago."  A  Isa,  in  a  note 
by  Sir  R.  Murchison, prefixed  to  Vicary's  paper, 
the  discovery  of  palxozoic  fossils  is  mentioned. 
Now,  it  is  quite  possible  that  the  fossils  collected 
by  Falconer  and  Vicary  have  been  examined 
and  their  age  determined,  but  as  this  'n  not 
stated,  some  doubt  remains  whether  the  fossils 
may  not  have  been  carboniferous,  as  they  were 
said  to  be  by  Verchere  (  your.  As.  Soc.  Beng., 
XXXVI,  pt.  ii,  21,  (1867)],  the  Orthis  being 
perhaps  Oithisina  or  Streplorhynchus  creni- 
stria,  formerly  included  in  the  genus  Orthis. 
»  Quart.  Jour.  Geol.  Soc.  IX,  348,  (1853). 

•  C.  L.  Griesbach,  Records,XXV,  79,  (1892). 

*  Infra,  p.  196. 

'  T.    Oldhr.m,      St!.    Rtc.   Gov'.    India,    X, 
32,  (1856). 
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is  a  reddish  tint,  and  some  of  the  layers  are  calcareous.  Some  of  the 
more  soft  and  earthy  beds  contain  marine  fossils.  Over  these  sandstones 
occur  grey  shaly  beds,  also  sometimes  calcareous  and  fossiliferous,  with 
occasional  beds  cf  dark  sandstone,  then  come  150  to  200  feet  of  fine  soft 
sandstone,  thinly  bedded,  with  grey  and  pinkish  shaly  layers  intercalated, 
and  upon  these  again,  hard  thick  limestone.  The  fossils  found  appeared 
to  be  of  carboniferous  age,  Spirifer  and  Productus  being  the  commonest 
forms,  but  the  species  have  not  been  determined,  and  it  is  rare  to  obtain 
specimens  in  a  state  suitable  for  identification. 

The  thickness  of  these  beds  is  estimated  at  about  5,000  feet,  exclusive 
of  the  limestone,  which  is  itself  i,ioo  feet  thick  near  Maulmain. 

Near  Maulmain  the  limestone  is  extremely  conspicuous,  and  forms 
large  hills  and  ranges,  extending  far  to  the  south-south-east  up  the  valley 
of  the  Attaran  and  Zami.  The  same  rock  occurs  east  of  the  SaKvin,  but 
does  not  extend  far  into  Martaban,  and  is  wanting  in  the  Sittaung 
valley.  Farther  up  the  Salwin,  however,  in  Karen-ni,  and  elsewhere 
beyond  the  British  frontier,  large  tracts  of  limestone  occur,  probably  be- 
longing to  the  carboniferous  series.  Limestone  is  said  to  abound  in  the 
Mergui  archipelago,  and  may  very  probably  be,  in  parts  at  least,  identical 
with  that  found  near  Maulmain.^ 


Besides  the  rocks  already  described,  which  can  be  ascribed  to  a  car- 
boniferous or  triassic  age  with  more  or  less  certainty,  there  are  some  rocks 
coloured  brown  on  the  accompanying  map.  in  south-east  Afghanistan  and 
in  the  hills  east  of  India  proper,  whose  true  age  is  doubtful. 

The  first  of  these  areas  to  be  dealt  with  is  in  southern  AfsrhilnistAn. 
where  some  unfossiliferous  slates  have  been  coloured  on  the  map  as 
carbon-trias.  They  form  the  Khwdja  Amran  range,  the  hills  north  of  the 
Pishin  valley,  and  on  either  side  of  the  upper  Zhob  valley.  They  are 
slates  and  quartzites,  whose  similarity  to  the  slates  of  the  Simla  area 
has  more  than  once  been  noticed.  In  the  first  published  description 
they  were  regarded  as  a  flysch  type  of  the  nummulitic  shales  and  lime- 
stones to  the  east  of  Quetta.*  Subsequently  the  same  observer  considered 
that  they  were  more  probably  lower  cretaceous,*  but  in  the  absence  of  lossil 
evidence  there  is  no  more  ground  for  this  than  almost  any  other  corre- 
lation. One  thing  seems  certain,  that  they  are  not  altered  nummuUtics, 
for  near  Spira  Raga,  on  the  frontier  road  to  Pishin,  the  same  beds   are 


*  Dr.  Noetling*s  discovery  of  silutian  fossils 
in  the  similar  limestone  of  the  Shan  hil!s 
makes  it  possible  that  this  limestone  is  Silu- 


rian  not  carboniferous. 
*  Memoirs,  XVIII,  32.  (1881). 
»  Rccoidj,  X VIII,  59.(1885). 
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found  within  a  few  miles  of  typical  nummulitics  which  show  all  the  groups 
cha^racteristic  of  that  series  in  Baluchistan. ^ 

In  this  neighbourhood  and  in  the  hills  bounding  the  upper  Zhob  valley 
about  Hindubdgh,  the  beds  are  penetrated  by  intrusions  of  serpentinous 
rack,  porphyritic  with  crystals  of  diallage,  precisely  resembling  the  intru- 
sive  serpentine   of  Burma  and  Manipur.     Among  the  slates  a  bed  con- 
ta^ining  subang^lar  fragments,  ranging  to  six  feet  in  diameter,  was  observed. 
The  bed  very  much  resembles  the  Blaini  boulder  bed   of  the  Simla  area, 
but    no  great  weight  can  be  attached  to  a  single  isolated  observation  like 
this.       It  has,  however,  taken  in  conjunction  with    the  general    lithologicat 
facics,  and  the  resemt^lance  of  the  serpentine  intrusions  to  those  of    the 
Arakan    hills,  been  allowed  to  influence  the  choice  of  the    colour  to  be 
adopted  in  the  map,  and  these  rocks  have   been  coloured  as  carbon-trias, 
with  a  warning    note  that  the  age    is    unknown  and  may  very  likely    be 
yovinger  than  that  indicated  by  the  colour. 

There  is  some  independent  evidence  of  the  possibility  of  trtassic  rocks 

l>e^ing  found  in  Baluchistdn,   for  Dr.  Cook  has  recorded   the   finding  of 

C^^^^Jioceras  near  Kheldt.     The  other  fossils  found  for  the  most  part  indi- 

cs^t^  a  cretaceous  horizon  and  the  section  as  described  fits  in  very  well 

v%^i  tin  the  known  cretaceous  and  tertiary  groups  of  Baluchistan  ;  there  can 

tym^n  be  no  doubt  of  its  correctness.     On  this  ground  it  might  be  natural 

c}«s^2»tion  the  identification,  but  the  brief   description  Dr.  Carter  gives  is 

ii~^  ^rc^mpatible  with  the  idea  that  it  was  a  Baculites  or  the  phragmocone  of  a 

Z^mnite?    It  is  more  probable  that  there  is  an  undetected  unconformity, 

that  both  the  cretaceous  and  the  trias   are  represented  in  the  section. 


Between  the  Irawadi  valley  and  the  Arakan  coast  a  tract  of  country 

1^^^^    been  coloured  as  carbon-trias  on  the  map,  with  a  note  against  it  that 

»^  ^  '^'er  rocks  are  known  to  occur  and  probably  form  a  large  portion  of  the 

The  beds  so  mapped   compose  the  Arakan  Yoma,  a  forest  clad 

ge  only  traversed  by  a  single  road  and  by  a  few  difficult  paths  at  wide 

^^rvals,    and,    in     general,    absolutely    inaccessible,    except    along   the 

uous  beds  of  streams.     Anything  like  satisfactory  geological  surveying 

^^omes  almost  impossible   in  such  a   region,    unless   some  well  marked 

^nd  prominent  beds  occur  to  afford  a  clue  to  the  stratigraphy,  or  fossili- 

*^rous  belts  are  numerous.      In  the  Arakan  range  neither  is  the  case,  the 

^^cks  of  the  main  range  consist  of   rather   hard   sandstones  and    shales, 

greatly  squeezed,  contorted,  and  broken,  traversed  by  numerous  small  veins 

^^    quartz,  often    slaty,  and  sometimes   schistose,  but  there  is  a   marked, 

^^ficiency    of    any    conspicuous    strata.     .The  few   bands  of   limestone 

^N'Vich  occur  are  thin,  isolated,  and  as  a  rule  unfossiliferous.    The  rocks  on 

^  R.  D.   Oldhain,  MS.  Report,  1891.     It   is 
^ot  established  that  thc<c  rocks  are  the  same 


^^to8»  of  the  Khii.^ja  Amrdn  range,  though 


they  appear  to  be  cort»ruop»  with  the/n. 

^  Jouu   Bcmlay,  Br.    Roy   As-  Sue,   VI,   190, 
(1892). 
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the  western,  or  Arakan,  side  of  the  range  seem,  on  the  whole,  less  altered 
than  those  on  the  eastern,  or  Pegu,  slope,  and  unaltered  nummulitic 
rocks  appear,  on  both  sides  throughout  a  great  part  of  the  area,  although 
not  continuously  on  the  outer  spurs. 

The  crushed,  hardened,  and  somewhat  altered  rocks  of  the  Arakan 
Yoma  were  originally  separated  by  Mr.  Theobald  from  the  newer-looking 
nummulitics  under  the  name  of  axials,  and  considered  as  comprising 
the  oldest  tertiary  beds  and  their  immediate  predecessors  in  the  series. 
Although  there  is  a  well  marked  difference  between  the  nummulitic  beds 
and  the  axials,  there  is  no  distinct  break  between  them.  The  two  pre- 
sent an  appearance  of  conformity,  and  it  is  far  from  clear  that  some  of  the 
axials  are  not  merely  nummulitic  strata,  greatly  crushed  and  contorted. 
But  subsequent  to  the  preliminary  examination  of  the  area,  a  cretace- 
ous ammonite  was  found  in  Arakan,  and  amongst  some  rather  obscure 
fossils  discovered  near  the  former  frontier  of  British  and  Native  Burma,  west 
of  Thayetmyo,  were  a  few  specimens  referred  by  Dr.  Stoliczka  to  the 
typically  upper  triassic  Halobia  lomvielt.  It  became,  therefore,  neces- 
sary to  distinguish  both  triabsic  and  cretaceous  beds  amongst  the  axial 
rocks  of  the  Arakan  range. 

To  the  former  has  been  referred  a  series  of  hard  sandstones  and 
shales,  with  grits  and  conglomerates,  and  a  few  bands  of  impure  lime- 
stone, which  form  the  crest  of  the  Arakan  range  at  the  old  frontier 
of  Lower  Burma,  and  extend  southward,  nearly  to  the  parallel  of  Prome. 
The  only  characteristic  beds  are  some  white  speckled  grits,  interbedded 
with  shales  and  sandstones,  and  attaining  a  thickness  of  1,300  feet,  in 
the  Hlwa  (Lohwa)  stream,  35  miles  west  of  Thayetmyo  ;  a  band  of  dark 
blue  shale,  part  of  which  is  calcareous,  33  feet  thick  below  the  grits  with 
conglomerate;  and  some  thick  bedded  shales,  passing  into  massive  sandy 
shales  with  hard  nodules  interspersed,  attaining  a  thickness  of  iio  feet, 
and  containing  a  Cardita  and  some  undetermined  Gasteropoda,  The 
calcareous  conglomerate  passes  into  a  rubbly  limestone,  and  appears 
identical  with  the  beds  containing  the  supposed  Halobia  lommelL  To  the 
northward  a  band  of  limestone,  much  thicker  and  purer  than  that  of  the 
Hlwa  stream,  has  been  traced  in  several  places.  The  speckled  grits  and 
conglomerates  are,  however,  more  conspicuous  and  more  ch'^racteristic, 
and  it  is  mainly  by  means  of  them  that  the  area  of  supposed  triassic  beds 
was  mapped. 

The  whole  thickness  of  the  group  appears  to  be  rather  less  than  6,000 
feet,  the  characteristic  beds  just  noticed  being  near,  but  not  at  the  base  of 
the  group.  To  the  eastward  these  beds  are  in  contact  with  nummulitic 
strata ;  to  the  westward  it  is  believed  that  cretaceous  beds  come  in,  but  the 
country  is  difficult  of  access,  and  has  not  been  surveyed.  'J  he  area  occu- 
pied   within  the  limits  of  Lower  Burma  is   elcngately  triargular,  broadest 
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at  Ihc  frontier,  where  it  extends  for  fifteen  miles  from   east  to   west,   and 
terminating  in  a  point  to  the  southward,  west-by-north  of  Prome.* 

The  remainder  of  the  rocks  forming  the  Arakan  Yoma,  excluding  those 
of  cretaceous  age,  are  either  unfossiliferous  or  the  few  organisms  which 
have  been  detected,  mostly  the  indistinct  remains  of  plants  and  mollusca, 
are  insufficient  to  afford  any  trustworthy  indication  of  age.  They  have 
been  classed  by  Mr.  Theobald  as  Negrais  rocks,  the  name  being  derived 
from  Cape  Negrais,  the  south-western  point  of  Pegu,  and  the  extreme 
southern  termination  of  the  Arakan  Yoma, 

The  Negrais  rocks  differ  in  no  important  particulars  from  the  beds 
already  noticed.  They  consist  principally  of  hardened  and  contorted  sand- 
stones and  shales,  intersected  throughout  by  numerous  small  veins  of  quartz 
and  carbonate  of  lime.  Limestone  is  not  of  common  occurrence.  Where 
seen,  it  does  not  generally  appear  in  regular  strata,  but  in  huge  detached 
blocks  imbedded  in  the  shales  and  sandstones,  as  if  the  latter  had  yielded 
without  fracture  to  the  pressure  which  dislocated  the  limestone.  Conglo- 
merates also  occur,  sometimes  passing  into  breccias. 

The  alteration  of  these  beds  is  most  capricious  and  irregular.  Fre- 
quently for  a  long  distance  they  are  apparently  unchanged,  except  in  being 
somewhat  hardened ;  then  they  become  cherty,  slaty,  or  sub-schistose, 
and  cut  up  by  quartz  veins.  One  not  uncommon  form  of  alteration  is 
'exhibited  by  the  rocks  affecting  a  greenish  hue,  due  to  the  presence  of 
chlorite,  such  rocks  being  generally  much  cut  up  by  quartz  veins.  In  a 
few  instances,  apart  from  the  serpentine  intrusions  to  be  mentioned  pre- 
sently, irregular  dykelike  masses  of  either  serpentine  or  a  decomposed 
steatitic  rock  are  found,  but  this  is  far  from  being  of  frequent  occurrence. 
A  more  common  form  of  alteration,  seen  along  the  coast  north  of  Cape 
Negrais,  is  apparently  due  to  the  infiltration  of  silica  in  large  quantities, 
and  IS  shown  by  the  intense,  and  often  abrupt,  alteration  of  beds  of  sand- 
stone into  cherty  masses. 

No  satisfactory  classification  of  these  the  main  rocks  of  the  Arakan 
Yoma  has  been  practicable.  They  must  be  of  great  thickness,  but  the 
stratification  is  too  confused  for  a  clear  idea  as  to  the  succession  of  dif- 
ferent strata  to  be  formed,  in  the  absence  of  any  well  defined  horizon. 
Some  of  them  appear  to  be  a  continuation  of  the  Ma-f,  or  cretaceous  group, 
but  on  the  other  hand  it  is  impossible  to  draw  any  definite  line  of 
boundary   between  the    hill  rocks   and    the    nummulitics    of    Pegu.      In 

'  It  must  be  remeinbered  that  the  specimen  [  nummulites,  and  make  it  probable  that  most 
ascribed  to  Halobia  lommeli  was  a  mutilated  of  the  rocks  of  the  Arakan  Yoma  are  lower 
and  ill  preserved  one.  Recent  investigations,  tertiary.  As  the  results  have  not  yet  been 
conducted  while  this  work  w'as  passing  through  fully  worked  out,  the  text  is  allowed  to  stand 
the  press,  and  as  yet  incomplete,  have  shown  substantially  as  originally  written. 
that     the     supposed    triassic     rockd    contain  I 
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PcgU;  away  from  the  base  of  the  hills,  comparnlively  soft,  unaltered,  fossi- 
liftTous  beds^  belonging  to  the  older  tertiary  period,  are  found,  which  appear 
to  rest  upon  the  hill  beds,  for,  away  from  ihe  axis  of  the  range,  both  have 
an  eastwardly  dip.  The  two  rocks  contrast  htrongly,  tlie  nummulitics  be- 
ing soft  and  unchanged,  the  hill  beds  hardened,  crusl  cd,  and  in  places 
almost  schistose,  but  it  is  impossible  to  fix  a  precise  limit  to  either. 
The  two  are  never  seen  in  contact,  there  is  no  evidence  that  they  are 
faulted  against  each  other,  and  there  appears  to  be  a  belt,  often  two  or  three 
miles  wide,  of  rock  in  an  intermediate  condition.  It  appears  possible 
that  the  rocks  of  the  Arakan  Yoma  comprise  representatives,  slightly 
altered,  of  both  cretaceous  and  nummulitic  rocks,  but  there  is  no  clear 
pu'of  that  these  Arakan  Yoma  beds  are  identical  wilh  the  Pegu  nummu- 
litics, and  it  appears  best  to  distinguish  the  hill  rocks  by  a  separate  name, 
though  it  has  hitherto  proved  impcssible  to  draw  a  line  between  the 
two. 

From  the  foregoing  description  it  will  be  seen  that  fos.«ils  have  only 
been  found  at  two  places  near  the  northern  limit  of  the  coloured  area,  and 
that  there  is  no  certainty  as  to  (he  extent  of  the  older  locks  they  indi- 
cate. The  Negrais  group  Avas  originally  regarded  as  very  j  ossibly  num- 
mulitic, the  lithological  dilTerence  and  greater  induration,  as  compared 
with  the  undoubted  nummulitics  of  Pegu,  being  attributed  to  the  dis- 
turbance it  had  undergone.  It  is  very  doubtful,  however,  whether  the 
explanation  is  sufficient,  and  in  view  of  the  probability  of  their  distinct-- 
ness,  and  of  the  fact  that  they  are  described  as  exhibiting  a  greater  degree 
of  induration  than  the  beds  which  were  supposed  to  be  cretaceous,  it  has 
been  considered  advisable  to  adopt  the  course  pursued  in  the  preparation 
of  the  accompanying  map,  and  colour  them  the  same  as  the  rocks  known 
to  bs  of  carboniferous  and  triassic  age,  appending  a  warning  note  that 
their  true  age  is  unknown. 


The  intrusive  serpentine  which  has  already  been  noticed  generally 
occurs  as  irregular  shaped  bosses  of  varying  dimensions,*  but  dykes 
also  occur,  especially  north-west  of  Proine.  The  rock  is  a  characteristic 
dark  coloured  serpentine.  It  frequently  becomes  a  gabbro,  contains 
porphyritic  crystals  of  bronzite,  and  is  intersected  by  veins  of  gold  coloured 
chrysotile,  or,  sometimes,  of  carbonate  of  magnesia.  Occasionally  it  ap- 
pears to  be  replaced  by  a  form  of  greenstone  which  may  possibly  be  dis- 
tinct, although  the  two  rocks  occur  in  the  same  neighbourhood.  'J  he  hills 
formed  of  serpentine  may  be  distinguished  at  a  distance  by  their 
barrenness.  They  appear  to  support  little  except  grass  and  a  few  bushes, 
while  the  greenstone    hills  are   covered    with    luxuriant  forest.      In  all 

»  None  are  sufficiently  large  to   be   ma.'-kcd  on  the  map  issued  herewith. 
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prohability  the  serpentine  and  greenstone  outbursts  were  originally  the 
same  or  nearly  the  same,  and  the  former  rock  has  undergone  a  chemical 
change. 

In  the  neighbourhood  of  some  of  the  larger  mnsses  of  serpentine  the 
sandstones  and  shales  are  converted  into  greenstone  and  chloritic  schist, 
but  the  effect  varies,  and  in  some  instances  the  neighbouring  rocks  appear 
almost  unaltered.  It  is,  however,  worthy  of  notice  that,  except  far  to  the 
northwards,  all  the  outbursts  of  serpentine  appear  confined  to  the  Pegu, 
or  eastern,  side  of  the  range,  and  that,  as  has  already  been  stated,  the  rocks 
on  this  exhibit,  as  a  rule,  more  alteration  than  those  on  the  western 
slopes  of  Arakan.  To  the  northward,  near  the  northern  frontier  of  Pegu, 
serpentine  occurs  on  the  highest  hills  of  the  Yoma,  and,  in  one  instance 
at  least,  on  the  western  side,  but  elsewheie  all  the  outbursts  detected 
are  not  only  east  of  the  main  range,  but  near  the  eastern  limit  of  the  hill 
rocks.  Not  a  single  intrusion  has  been  detected  in  the  unaltered  num- 
mulitic  rocks. 

It  is  unnecessary  to  describe  the  distribution  of  the  serpentine  masses 
in  any  detail.  They  nre  principally  collected  in  three  groups,  the  most 
northern  of  which  consists  of  the  largest  mass  known,  a  horseshoe  shaped 
intrusion,  some  five  miles  in  length,  forming  the  Bidoung  hill,  nearly  due 
went  of  Thayetmyo.  Several  masses  occur  north-north-west  of  Prome, 
and  one  of  these,  forming  a  long  dykelike  mass  for  about  five  miles 
along  the  boundary  between  the  nummulitics  and  the  supposed  trias, 
appears  to  alter  the  triassic  rocks,  but  not  the  nummulitic  beds,  although 
the  latter  are  grently  crushed.  Probably  the  difference  is  owing  to  the 
eastern  boundary  being  a  fault.  The  third  group  is  west  of  Henzada,  where 
twenty-one  distinct  and  isolated  intrusions  occur,  scattered  over  a  length  of 
twenty-six  miles  from  north  to  south,  close  to  the  edge  of  the  unaltered 
nummulitic  area.  The  largest  of  these  masses  is  about  three  miles  long 
by  perhaps  half  a  mile  broad,  but  the  majority  are  less  than  a  mile  in 
diameter.  Besides  the  principal  grouos  a  few  small  and  unimportant 
outbursts  are  found  isolated  here  and  there,  but  none  are  found  south 
of  the  area  west  of  Henzada. 


Further  north  a  series  of  slates  and  indurated  sandstones,  which  very 
much  resemble  the  axial  beds  of  Burma,  is  found  in  Manipur.  They 
occupy  the  hills  surrounding  the  valley  of  Manipur,  and  are  penetrated  by 
intrusive  serpentine  of  the  same  type  as  in  Burma.  The  intrusions,  more- 
over, are  confined  to  he  neighbourhood  of  the  eastern  limit  of  the  hill  rocks. 
Our  only  information  regarding  the  geology  of  Manipur^    is    derived    from 

»  Memoirs,  XIX,   217,(1883). 

L  2 
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rapid  traverses,  where  the  movtments  of  the  geologist  were  determined  by 
political  considerations,  and  there  is  consequently  do  detailed  information 
available.  It  was  believed,  however,  that  two  unconformable,  pretertiary, 
rock  series  were  observed,  the  upper  one  being  composed  of  red  slaty  shales 
overlaid  by  limestones,  lithologically  identical  with  those  of  the  Ma-i  group 
in  Arakan.  Some  beds  of  volcanic  ash.  observed  on  the  slopes  of  the 
Kachao  mountain,  were  believed  to  be  attributable  to  this  group,  but  the 
correlation  is  questionable. 

The  rocks  seen  in  Manipur,  show  some  resemblance  to  those  of  the 
carbonaceous  system  of  the  Simla  area,  though  the  disturbance  they  have 
undergone  is  less  intense.  A  bed  of  conglomeratic  slate,  containing 
rounded  boulders  of  quartzrte  imbedded  hi  a  finegrained  matrix,  resem- 
bling in  structure  the  conglomeratic  slates  of  the  Blaini  group,  was  seen 
on  the  road  between  Manipar  and  Kohima  associated  with  black  car- 
bonaceous slates. 

Further  to  the  north,  in  upper  Assam,  Mr.  Mallet  distinguished^  under 
the  name  of  Disang,  a  group  of  shales  overlaid  by  sandstones,  which  are 
separated  by  a  faulted  boundary  from  the  coal  measures  and  overlying 
tertiary  rocks  lying  between  them  and  the  alluvial  plain  of  the  Brahma- 
putra valley.'  So  far  as  their  lithology  goes,  they  agree  fairly  well  with 
the  older  rocks  of  Manipur  and  the  N<lg4  hills,  and  have  been  coloured  the 
same  on  the  map,  though  their  true  age  is  very  uncertain. 

I  Memoirs,  XII,  286,  0^6). 
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THE  GONDVVANA  SYSTEM. 


GondwAna  System— Probably  of  fluviatile  origin— Relation  to  present  river  vallevs  — Division 
into  groups  — Lower  GondwAnas— Talchir  group  — Karliarbiri  group  -  Darnuda  series  — 
Barakar  group— Ironstone  shales— RAnfganj  group -Motur  and  Bjori  groups— K5mthf 
group— Panchet  gioup— Aimed  group— Upper  GondwXnas— Mah^deva  beds— R4j- 
mahil  series  — in  the  RajniahAI  hills— and  on  the  east  coast — Ko'a-Mal6ri  group— Chiki- 
Ala  group— Jabalpur  group— Plantbearing  beds  of  Cutch  and  KAthidwdr, 

The   upper    palaeozoic    and   older   and  middle  mesozoic  formations  of 
other  countries    are    represented    in   the    Indian    Peninsula   by    a    great 
system  of  beds,  chiefly  composed  of  sandstones  and  shales,  which,  except 
for  some   exposures  along  the   east  coast,  appear  to  have  been  entirely 
deposited  in  fresh  water,  and  probably  by  rivers.      Remains  of  animals 
are  very  rare  in  these  rocks,  and  the  few  which  have  hitherto  been  found 
belong    to    the    lower  vertebrate   classes    of   reptiles,    amphibians,  and 
fishes.     Plant  remains  are  more  common,  and  evidence  of  several  succes- 
sive floras    has  been   detected.      The    subdivisions   of    this   great    plant 
bearing  series  have  been  described    under  a  number  of  local    names,  of 
which  the  oldest,  and  best  known,  are  Talchir,  Damuda*,  Mahideva,  and 
Kijmahil,  but  the  term  Gondwdna  has  now  been  adopted  by  the  Geological 
Survey  for  the  whole  system.     This   term  is  derived  from  the  old  name 
for  the  countries  south  of  the  Narbadi  valley,  which  were  formerly  Gond* 
kingdoms,  and  now  form  the  Jabalpur,  Nagpur,  and  Chhatisgarh  divisions 
of  the  Central  Provinces.     In  this  region  of  Gondwdnathe  most  complete 
sequence  of  the  formations  constituting  the  present  rock  system  is  to  be 
found. 

Taken  as  a  whole,  the  Gondwdna  ?ystem  has  a  wide  extension  in  the 
Indian  Peninsula,  but  in  extra-penin^^ular  India,  its  representatives  have 
hitherto  only  been  detected  in  north-western  Afghinislin  and  alont' 
the  base  of  the  eastern  Himalayas  in  Sikkin,  Bhutan,  and  the   Aki   and 


'  More  correctly  Tdlcher  and  Ddmodar,  but 
the  spelling  in  the  text  has  been  so  universally 
used  that  it  is  retained  when  the  names  are 
used  in  their  acquired  geological  sense.  The 
more  modern  and  correct  spelling  is  adopted 
when  they  are  used  geographically. 


'  For  the  information  of  non-Indian  readers 
it  may  be  well  to  add  that  the  Gond  is  one  of 
the  principal  Dravidian,  or  so  called  aborigi> 
nal,  tribes,  who  are  believed  to  have  inhabited 
the  country  before  the  advent  of  the  Aryaa 
Hindu  ra'.e. 
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DaphU  hills.^  Representatives  of  the  highest  Gondwiua  groups  are  found 
in  Cutch,  resting  upon  marine  Jurassic  rocks  and  capped  by  neocomian 
beds;  some  rocks  containing  plant  remains,  which  underlie  Jurassic 
limestones  in  the  desert  between  the  Indus  and  the  ArdvalHs,  closely 
resemble  portions  of  the  Gondw^na  series  in  lithological  characters, 
while  representatives  of  beds  high  in  the  Gondwina  series^  in  this  case 
frequently  containing  marine  foi^sils,  extend  down  the  east  coast.  But, 
with  these  exceptions,  no  representatives  of  the  system  are  found  in  the 
Peninsula  north  of  the  valleys  of  the  Narbadi  *  and  Son,  nor  south-west 
of  a  line  drawn  from  the  sea  at  Masuli  patam  through  Kamamet  and 
Warangal,  north-east  of  Haidaribid,  till  it  enters  the  trap  area  near 
Nirmal.  The  main  areas  of  Gondwina  rocks  are  in  the  Rijmahil  hills 
and  DAmodar  valley  in  Bengal,  the  Tributary  Mahdis  of  Orissa,  Chhatis- 
garh,  Chutid  Ndgpur,  the  upper  Son  valley,  the  Sitpura  range  south  of 
the  Narbadd  valley,  and  the  Godivari  basin. 

It  has  already  been  mentioned  that,  with  the  few  exceptions  noted,  the 
whole  of  the  Gondwana  series  is  believed  to  consist  of  strata  deposited  in 
fresh  water,  and  the  only  question  which  arises  is  whether  the  beds  arc 
lacustrine  or  fluviatile.  The  coarseness  of  the  rocks  in  general,  the  pre- 
valence of  sandstones,  and  the  frequent  occurrence  of  bands  of  conglo- 
merate, render  it  improbable  that  these  strata  are  of  lacustrine  origin,  while 
the  absence  of  moUusca  almost  throughout  is,  on  the  whole,  rather  more 
consistent  with  river  than  lake  deposits,  although  it  is  difficult  to  account 
for  on  either  hypothesis.  The  few  fish  and  reptiles  which  occur  might  have 
inhabited  either  lakes  or  rivers,  and  the  Estherios^  which  are  common  in 
several  subdivisions  of  the  series,  might  either  have  lived  in  lakes  or  in 
the  great  pools  and  marshes  which  often  occupy  so  large  an  area  in  broad 
river  valleys.  The  plants  might  have  been  preserved  amongst  either 
lacustrine  or  fluviatile  deposits,  except  that  it  is  difficult  to  conceive  the 
formation  of  beds  of  coal  at  the  bottom  of  lakes.  It  is  more  probable  that 
the  coal  originated  in  mars^hy  forests,  such  as  frequently  occur  in  the  valley 
plains  of  rivers.  The  physical  characters  of  the  strata,  the  frequent  alter- 
nation of  coarse  and  fine  beds,  the  frequency  of  current  marking  on  the 
iiner  shales  and  of  oblique  lami  nation,  due  to  deposition  by  a  current,  in 
the  coarser  sandstones,  and  the  circumstance  of  the  upper  portions  of  a 
bed,  such  as  a  coal  seam,  being  locally  worn  and  denuded  when  a   coarse 

*  Mallet,  Memoirs,   Vol.    XI,    14,    (1874)  \  1  probable,  it  has   not  been   confirmed   by   the 

Godwin-Austen,    Jour.  As,  Sue.   Beug.^  XLIV,  ',  discovery  of  fossils. 

pt.     lit     37»    (1875);     La     Touche,    Records,  j  '  Outcrops  have  been  found  north  of  the  river 

XVIII,I2J  ,(1885).  Perhaos  the  occurrence  of  a  ,  NarbadA    westward   of  Hoshanjjdhdi^,  but   far 

leprescnlaiive  of  the  Rdjmahdl  stratified  traps  south  of  the  watershed.     The  Narbadi,  above 

on  the  flanks   of    the    Kh^si    hills  might    be  tlie  neighbourhood  of  Jabalpur,   runs  south  of 

quoted  as    another   instance,  but    though  the  j  the   general  line  of  division,   and    Gondwana 

identification  of   the  two  bets  of  beds  Is  liighly  1  rocks  occur  north  of  the  river. 
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sandstone  is  deposited  upon  it,  a  phenomenon  of  freqnent  occurrence, 
ar3  quite  consistent  with  the  theory  of  deposition  in  a  river  valley,  but  op- 
posed lo  the  conception  of  lacustrine  origin.  A  river  constantly  changes  its 
course,  and  deposits  coarse  sediment  near  its  channel  and  finer  materials 
from  the  overflow  of  its  flood  vvateis,  the  area  uilhin  which  each  form  of 
sediment  is  deposited  varying  frequently.  In  a  lake  the  coarse  deposits 
must  be  limited  to  the  margin,  and  finer  sediment  accumulates  away  from 
the  shore,  wh^re  there  is  no  current  to  sweep  away  the  suiface  of  a  re- 
cently deposited  coal  or  shale  bed,  and  to  throw  down  coarse  sand  in  its 
place.  On  the  whole,  the  evidence  is  decidedly  in  favour  of  a  fluviatilc 
origin  for  the  Gondwdna  rocks,  and  it  is  probable  that  they  were  deposited 
in  a  great  liver  valley,  or  series  of  river  valleys,  not  unlike  those  which  form 
the  Indo-Gangetic  plains  at  the  present  day.  There  is  a  possible  excep- 
tion in  the  lowest  beds  of  the  series,  the  fine  silts  which  form  the  base- 
ment beds  of  the  Talchir  group.  These  may  be  of  lacustrine  origin,  but 
there  is  no  clear  proof  that  they  are,  and  their  remarkably  persistent  char- 
acter throughout  an  immense  tract  of  country  is  rather  opposed  to  the 
idea  of  their  having  been  formed  in  a  lake  or  a  series  of  lakes. 


Concerning  the  relations  of  this  great  series  to  the  older  and  newer 
formations  in  India  but  little  can  be  said.  No  older  fossilil'erous  deposits 
are  known  in  the  area  to  which  the  Gondwina  rocks  arc  restricted,  and 
wherever  these  rest  upon  any  older  formation,  there  is  complete  uncon- 
foimity  between  the  two.  The  areas  in  which  the  upper  Vindhyan  and 
Gondwina  systems  are  exposed  being  distinct  from  each  other,  the  latter 
have  nowhere  been  found  in  contact  with  the  former,  which  are  the 
next  series  in  descending  order,  but  pebbles  of  upper  Vindhyan  rocks  are 
occasionally  found  in  Gondwdna  rocks. ^  1  he  Talchir  and  Damuda  forma- 
tions in  the  country  south  of  NAgpur,  on  the  Godivari  below  Sironchd,  and 
ill  the  Mah^nadi  valley  near  Sambalpur,  occasionally  rest  unconformably 
upon  strata  believed  to  belong  to  the  Cuddapah  or  lower  Vindhyan  series,^ 
but  in  general  theGondwina  beds  are  found  to  have  been  deposited  upon 
metamorphic  rocks. 

On  tne  other  hand,  the  rocks  of  the  Gondwina  series  are  but  rarely 
covered  at  all  by  a  higher  formation,  except  where  the  Deccan  traps 
and  their  associated  inlratrappean  formation,  the  Lameti  group,  rest 
unconformably  upon  the  vaiious  subdivisions  of  the  Gondwdna  series,  from 
il.e  lowest  to  the  highest,  in  the  Narbadd  valley  and  the  Nagpar  country. 
Theie  are,  howe\er,  localities  in  India  in  which  sedimentary  formations  of 
cretaceous  age  rest  upon  upper  Gondw  ina  beds.      The  first  of  these  is  in 


^  Mauualj  i-i  ed.,   205;    Men.oiis,  IX,    304.  i         '  Suprr,  P-  9'- 
1S72.) 
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Cutch,  where  the  Umia  group,  containing  some  fossil  plants,  found  also 
in  the  uppermost  Gondwdna  beds  in  the  NarbadcL  valley,  underlies  a 
stratum  containing  Cephalopoda  of  upper  neocomian  (Aptian)  age.  Ti>e 
second  is  in  the  Narbadd  valley  near  Birwai,  where  Bagh  beds  (upper 
greensand  or  cenomanian)  rest  unconformably  on  representatives  of  tlie 
upper  Gondwana  series.  The  remaining  two  localities  are  near  the  east 
coast.  One  is  in  southern  India,  at  Utatur,  north  of  Trichinopoli,  wheie 
the  plant  beds  containing  Rdjmahal  fossils  underlie  the  Utatur  (ceno- 
manian) group,  unconformably  in  places  but  elsewhere  with  apparent 
conformity,  lastly  near  Ellore,  where  the  upper  Gondwdna  beds  con- 
tain Rajmahdl  plants,  an<l  marine  fossils  of  upper  Jurassic  age  occur 
in  the  higher  layers,  the  age  of  the  strata  resting  unconformably  upon 
the  Gondwdna  strata  is  not  equally  well  defined.  The  overlying  beds 
consist  of  two  fossiliferous  bands,  one  underlying  a  flow  of  basalt  believed 
to  belong  to  the  Deccan  trap  series,  the  other  interstratified  between  the 
lower  basaltic  flow  and  a  higher  one.  The  igneous  beds,  like  the  Deccan 
traps  elsewhere,  are  believed  to  be  of  uppermost  cretaceous  or  lowest 
tertiary  age,  but  the  fossils  in  the  upper,  or  intertrappean,  bed  differ  from 
those  in  the  lower,  or  infratrappean,  and  it  has  not  hitherto  been  practicable 
to  refer  either  to  a  definite  horizon.  Neither  bed,  however,  can  be  older 
than  upper  cretaceous. 


The  manner  in  which  the  areas  of  Gondwdna  rocks  are  distributed 
throughout  the  country  is  peculiar,  and  there  is  still  some  difference  of 
opinion  concerning  the  interpretation  to  be  placed  on  their  mode  of 
occurrence.  As  a  general  rule,  these  rocks  are  found  occupying  basin 
shaped  depressions  in  the  older  formations,  and  such  depressions  some- 
times, though  not  always,  nor  even  generally,  correspond  to  the  existing 
river  valleys.  Occasionally  the  ba-^ins  of  Gondwdna  bids  are  scattered 
over  the  surface  of  the  country,  as  in  Birbhum,  and  \\\  this  case  there 
can  be  no  doubt  of  their  representing  the  undenuded  remains  of  strata 
which  were  once  continuous  over  a  much  larger  area.  Whether  the 
basins  now  remaining  owe  their  preservation  to  disturbance  of  their  ori- 
ginally horizontal  position,  and  to  their  having  been  preserved  from  denu- 
dation through  having  sunk  to  a  lower  level  than  neighbouring  portions  of 
the  same  bed,  or  whether  they  were  originally  deposited  in  hollows  in  the 
older  beds,  is  a  point  on  which  opinions  differ.  There  can  be  no  question 
that  the  former  is  the  explanation  of  these  basins  having  been  preser\-ed 
in  some  instances,  but  cases  may  also  be  cited  in  favour  of  the  latter 
view,  and  it  is  certain  that  the  Gondwana  beds  were  originally  deposited 
on  an  uneven  surface. 

A  few  instances  will  suffice  to  show  the  phenomena  presented  in  the? 
Ddmodar  valloy   in  western    Bengal,   where  some  of  the  most  important 
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and  best  known  Gondw^na  coal-fields  occur.  A  number  of  detached 
basins  are  found,  all  in  low  ground  on  the  banks  of  the  river,  and  all 
presenting  the  very  remarkable  peculiarities  that  the  lowest  groups 
appear  on  the  northern  side  of  the  basin,  that  there  is  a  general  dip  from 
north  to  south,  and  that  all  are  cut  off  abruptly  on  the  southern  edge, 
which  in  most  cases  is  a  straight  or  nearly  straight  line.  Similar  geolo- 
gical relations  exist  in  many  other  areas,  although  the  beds  are  not 
always,  as  in  the  Dimodar  area,  confined  to  the  valley  of  a  single  river. 
Thus,  in  the  great  basin  of  south  Rewd  and  Sarguja,  again  in  the  Satpura 
area,  and  especially  in  the  Tilcher  field  in  Orissa,  the  rocks  dip  from 
one  side  of  the  basin,  and  are  cut  off  on  the  other,  but  in  all  these  cases 
the  general  dip  is  north,  not  south,  and  the  beds  are  abruptly  cut  off 
along  the  northern  border.  'I  he  exact  directions  of  the  abrupt  east  and 
west  boundaries  vary,  but  they  are  always  the  same,  or  nearly  the 
same,  throughout  each  tract  of  country,  that  is  to  say,  the  boundaries  of 
different  fields  are  parallel  to  each  other,  and  they  are  also,  as  a  rule, 
identical  in  direction  with  the  foliation  of  the  underlying  gneiss.  In 
some  cases,  and  especially  in  the  northern  part  of  the  great  area  which 
occupies  so  large  a  portion  of  the  Godivari  valley,  both  boundaries,  which 
run  nearly  north-west  to  south-east  In  the  last  named  case,  are  straight, 
nearly  parallel,  and  abrupt. 

These  abrupt  boundaries  are  almost  invariably  accompanied  by  con- 
siderable disturbance  of  the  beds  in  their  neighbourhood.  In  some  cases 
there  is  strong  evidence  that  such  boundaries  are  great  faults,  one  of  the 
best  proofs  being  that  the  fault  occasionally  divides,  as  along  the  north- 
ern edge  of  the  Tdlcher  field,  and  beds  belonging  to  the  lowest  grou[) 
are  exposed  between  the  different  subdivisions  of  the  main  dislocation, 
the  lowest  Gondwdna  group  (the  Talchir  in  the  instance  mentioned) 
being  faulted  against  Kimthf  beds,  much  higher  in  the  GondwcLna  system. 
on  one  side,  and  against  metamorphics  on  the  other.  In  some  cases,  as 
along  the  boundary  of  the  Tilcher  field  and  also  on  the  eastern  portion 
of  the  northern  boundary  in  the  Sohdgpur  field,  the  line  of  fault  is  marked 
by  a  breccia,  containing  fragments  of  the  Gondwina  sandstones.  It  is 
generally  considered  that  all  the  fields  which  are  bounded  by  an  abrupt 
line  cutting  them  off  on  one  or  both  sides  (and  these,  as  will  be  seen, 
comprise  a  very  large  majority  of  the  basins  known)  occupy  areas  of  de- 
pression, produced  subsequently  to  the  deposition  of  the  beds  by  a  fault 
along  the  abrupt  boundary,  the  connection  of  existing  river  valleys 
with  these  Gondwina  areas  being  dependent  on  the  fact  that,  the  Gond- 
wdna  rocks  b  eing  much  softer  than  the  Vindhyan,  transition,  or  meta- 
morphicbeds  upon  which  they  rest,  the  rivers  have  worn  their  way  through 
the  easiest  channel, — in  short,  that  the  existing  drainage,  so  far  as  it 
coincides  with  the  distribution  of  the  Gondwdna  rocks,  has  been  deter- 
mined by   the  disposition    of  those  rocks,  produced   by  disturbance  and 
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denudation,  and    has  no  ncccLisaiy  rcnncction  with  their  original  areas  of 
deposition. 

A  different  view  is  held  by  others.  They  consider  tliat,  with  a  few  ex- 
ceptions, there  is  no  sufiicicnt  evidence  of  faulting,  that  the  appearance 
of  straightness  in  the  boundaries  is  partly  fallacious  and  due  to  the  rocks 
being  ill  seen  at  the  surface,  that  the  abrupt  boundaries  are  caused  by  the 
deposition  of  the  Gondw^na  rocks  against  cliffs  forming  the  original  sides 
of  river  valleys,  and  that  the  present  disposition  of  the  beds  is  a  close 
approximation  to  that  of  the  original  areas  in  which  they  were  deposited. 
They  consider  further  tl.at  the  vertical  development  of  the  different  groups 
varies  so  much  within  small  distances  that  there  is  no  reason  to  believe  that 
any  great  thickness  of  beds  abuts  against  the  abrupt  clifl  like  boundaries, 
and  tljat  there  is  evidence  in  some  cases  that  the  different  groups  thin 
out  towards  the  margins  of  the  existing  basins.  They  conclude  that  the 
present  ri\er  valleys  differ  but  little  from  those  which  existed  in  mesozoic 
limes. 

It  is  poi^sible  thc.t  there  may  be  some  truth  in  both  views.  It  shoulJ 
be  remembered  that  the  conflict  of  opinion  in  this  case  is  between  ob- 
servers who  have  chiefly  been  engaged  in  mapping  widely  separated 
regions*  The  view  that  the  present  basins  closely  correspond  to  ancient 
areas  of  deposition  being  supported  chiefly  by  observations  made  in  the 
Son  and  Narbadd  valleys,  and  the  opposite  opinion,  that  the  present  Gonu- 
w^na  basins  are  chiefly  due  to  faulting,  being  held  by  geologists  who 
have  especially  studied  the  Gondwdna  rocks  of  Bengal,  Orissa,  and  the 
Goddvari  valley.  The  strongest  arguments  against  the  existence  of 
faults  along  the  abrupt;  boundaries  of  the  variou.s  Gondwdna  fields  is 
founded  on  tiie  fact  that,  in  the  Sitpura  field  to  the  south  of  the  Narbadd 
valley,  certain  of  the  uppermost  Gondv\dna  beds  overlap  the  boundary, 
but  this  may  be  due  to  the  circumstance  that  the  supposed  line  of  fault, 
which  cuts  off  the  tie  Id  on  the  northward  throughout  the  greater  portion 
of  its  extent,  is  more  ancient  than  the  topmost  groups  of  the  Gondwdna 
series.  A  dilBculty  in  the  way  of  admitting  that  the  abrupt  bound- 
aries of  the  Damodar  fields  are  due  to  deposition  against  inland  cliffs 
is  to  be  found  in  the  improbability  that  all  such  precipices  should  be  found 
on  one  side  of  a  river  valley,  while  there  are  some  important  observations 
in  favour  of  the  limits  of  the  basins  in  the  Damodar  valley  being  due  to 
disturbance.  Talchirand  Damuda  beds  are  found  on  the  Hazaribaijh  table- 
land,  immediately  north  of  the  Uamodar  valley,  at  a  heigiit  of  about  i,oco 
feet  above  the  surface  of  the  same  rocks  in  the  valley  itself,  and  the 
presence  of  fragments,  apparently  derived  from  lower  Gondwdna  beds,  in 
a  conglomerate  at  a  similar  or  higher  elevation  on  the  Chutia  Nagpuc 
highland  to  the  southward  points  to  the  former  existence  of  the  parent 
rv/ck   at   a   slill   i^realer  elevation.     In    eiiher    case    there   is    evidence    of 
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disturbance  for  the  low  level  exposures  must  have  been  depressed,  or  the 
VA^h  level  ones  elevated  ;  in  other  wuids,  the  Ciondwdnas  must  have  under- 
i^one  disturbance  since  they  were  depcsiled,  and  this  disturbance  cannot 
have  been  without  effect  on  the  present  linnlaticn  of  the  outcrops. 


The  tracts  of  country  occupied  by   rocks  of  the  Gonduina  series  are, 
as  a  rule,  covered  with  a  poor  sandy  soil  and  ill  suited  for  cultivation.     The 
result  is  that,  in  many  parts  of  India,   they  form  wild   uninhabited  forests. 
Such  tracts  are  always  the  last  to  be  surveyed  topographically,   and,  as  a 
rule,  minor  details  are  omitted  en  the  maps  prepared.    Moreover  the  upper 
Gondw^na  recks  are  principally  sandstones  and  decompose   readily  into 
loose   sand,    which  covers  the  whole  surface  of  the  country   and  greatiy 
conceals  the  rocks.     These  two  circumstances — deficiency   of  maps   and 
concealnicnt  of  the  suilace — have  combined  to  delay    the  geological  sur- 
vey of  the  upper  Gondwdna  formations,  and  to  render  the  examination 
tf  the  beds  exceptionally  tedious  and  dilTicult. 

The  groups  of  which  the  Gondwina  system  is  composed  vary  greatly, 
both  in  number  and  mineral  character,  in  the  several  isolated  areas  in 
which  they  are  found,  the  variation  being  much  greater  amongst  the  middle 
iind  upper  than  amongst  the  lower  members  of  the  series.  The  two 
lowest  Gondwina  groups,  the  'I  alchir  and  Barakar,  which  consist  largely 
uf  shales,  whilst  the  uppermost  formations  are  chiefly  composed  of  coarse 
sandstone,  grit,  and  conglomerate,  preserve  their  mineral  character  almost 
unchauged  throughout  the  area  in  which  the  lower  Gondwina  beds  are 
known  to  occur. 

The  system  may  be  divided   into  an  upper  and  a  lower  series,  the  dis- 
tinction having  been  first  established  in   western   Bengal,  where  it  is  of  a 
most  trenchant  nature,  characterised  by  a  marked  stratigraphical  discord- 
iince,  by   an    almost    complete  absence  of  any  species  common    to    the 
two  divisions,  and  an  utter  change  in  the  type   of  the   flora^  equisetaceous 
Plants  prevailing  in    the   lower    subdivision,    and    cycads  and  conifers  in 
tne   upper,  ^  ferns    being   found  commonly   in   both.     Some  Equisetacew 
cccur,  however,   in   the   upper  Gondwcinas,  and  several  species  of   cycads 
•'"d    conifers  in  the  lower,  but  the  genera  are   in   most  cases  distinct  in 
t"<?    two  subdivisions.     As  the  examination   of  the    Gondwina  system  in 
t'je  Sdtpura  ranges  and  in  south  Rewd  has  progressed,  it  has  been  found 
^  3 1  the  stratigraphical  break  there    is  not  nearly  so  marked,  and  it  is  pos- 
^'  '^  that  a  number  of  distinct  floras  will  ultimately  be  found,  bridging  over 
^^^  Srap  in  western  Bengah 

'The  Maliadeva  series  has,  however,  hitherto  proved  alnf.ost  iinfossilifcroas. 
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1.— The  Lower  GondwAna  Series. 

T  he  lowest  member  of  the  GondwAna  system  is  known  as  the  Talchir 
group,  thus  named  from   its  having  been  first  clearly  distinguished  in  the 
small  district  of  Tilcher^  one  of  the  tributary  mah^Is  of  Orissa.     When 
present — and  it  is  rarely  absent  over  a  large  area — this  group  forms  the 
base  of  the  Gondw4na  series,  and  consists  in  general  of  fine  silty  shales 
and  fine  soft  sandstone.     The  shales  are  usually  of  a  greenish  grey  or  olive 
colour,  sometimes  slaty.     They  are  of  exceedingly  fine  texture,  traversed 
by   innumerable  joints,   and    break    up    into    minute,  thin,  angular  frag- 
ments, sometimes  elongate  or  acicular,  which  cover  the  surface  of  the  ground 
in  places.     Occasionally  the  shales  have  a  dull  Indian  red  colour,  but  this  is 
not  common.     They  are  frequently  mentioned  in  the  Survey  reports  under 
the  name  of  mudstones  and  needleshales.     Not  unfrequrntly  they  are  some- 
what calcareous,  and  in  some  places  large  concretionary  masses  of  impure 
carbonate  of  lime  have  been  found  amongst  them. 

The  most   characteristic  sandstones  are  soft,  fine,  and  homogeneous 
in  texture,  composed  chiefly  of  quartz  and  undecom posed  pink  felspar,  and 
in  colour  pale  greenish  grey,  buff,  or  pale  pinkish,  almost  of  a  flesh  tint. 
They  are  frequently  rather  massive,  though  distinctly  stratified,  but  they  are 
also  commonly   interstratified   in  thin   layers  with  the  shales.     In  many 
places  they  break  up,  where  exposed  on  the  surface,  into  polygonal  frag- 
ments, three  or  four  inches  across,  whence  they  have  been  called  tesselated 
sandstones. 

These  beds  pass  into  coarser  sandstones  of  less  marked  character, 

which  vary  in  colour,  and  are  sometimes,  though   rarely,  conglomeratic. 

It  is  an  almost  invariable   rule,  contrary  to  what  is  found  to  be  the  case 

in  most   rocks,  that  in  the  Talchir  group  the  beds  of   finest  texture,  the 

shales,  are   found  at  the   base,  and    that  the  sandstones  are  higher  in 

position,  the  coarser  sandstones,  moreover,  overlying  those  of  finer  texture. 

^    thin   coal    seam    has  been    found   amongst   the   Talchir   beds   in   the 

Jhilmilli  field,  in   Sargiija*,  but  this  formation  is,  as  a  rule,  distinguished 

"y  the  absence  of  coal  seams,  and  even  of  carbonaceous  shale. 

There  are  three  peculiarities  of  the  Talchir  group  which  still  require 
'Notice,  as  all  of  them  are  of  considerable  importance. 

The  first  is  the  frequent  occurrence,  amongst  the  shales  and  fine  sand- 
stoties,  generally  towards  the  base  of  the  group,  but  very  frequently  some 
hundreds  of  feet  above  the  bottom,  of  pebbles  and  boulders,  always  rolled  and 
Usually  well  rounded,  varying  in  size  from  small  fragments  quarter  of  an  inch 
^^  an  inch  across  to  huge  blocks  fifteen  feet  in  diameter  and  thirty  tons  in 
^^'^ight,  fragments  from  six  inches  to  three  feet  in  diameter  being  common. 

*  Ufmoifs,  I,  46,  (1856).  I  *  Manual,  1st  ed.,  205. 
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TIic  distrilni.ion  of  tl»c  boulders  is  most  ii  regular^  in  some  parts  of  the  area 
occupied  by  Talchir  beds  none  are  to  be  found  over  many  square  miles  of 
country,  l)ut  generally  some  are  met  \vith  at  intervals,  and  occasionally 
larsfe  numbers  occur  within  a  limited  tract. 

In  very  many  instances  there  is  every  probability  that  the  boulders 
have  been  transported  from  a  distance,  no  rocks  of  similar  character 
being  found  in  the  neighbourhood  If  only  one  or  two  such  cases  had  been 
observed,  it  might  be  supposed  that  the  rock,  from  which  the  blocks  were 
derived,  had  formerly  existed  in  the  immediate  vicinity  and  been 
removed  by  denudation,  but  the  cases  in  which  there  is  reason  to  believe 
that  the  rounded  blocks  have  been  transported  from  afar  are  so  numerous 
that  this  theory  cannot  be  accepted.  The  boulders,  it  should  be  remembered, 
are  frequently  found  imbedded  in  the  finest  silt.  It  is  evident  that  deposi- 
tion from  water  in  rapid  motion  is  here  out  of  the  question,  as  any  stream 
which  could  have  moved  and  rounded  the  boulders  would  have  swept 
away  the  silty  matrix  in  which  they  are  deposited,  and  the  only 
suggestion,  as  to  the  cause  of  their  occurrence,  which  appears  to  account 
satisfactorily  for  their  presence,  is  to  suppose  that  they  were  originally 
rounded  by  torrents  and  then  transported  to  their  final  position  by 
ice.  This  theory  has  received  strong  confirmation  from  the  discovciy  of 
smoothed  and  scratched  surfaces  on  some  of  the  large  boulders  found  on 
the  banks  of  the  Pcugangi  river,  about  ten  miles  west-south-west  of 
Chtlnd^,  Central  Provinces.'  The  surface  of  the  limestone  rock  under- 
lying the  Talchirs  was  also  in  this  case  found  to  be  polished,  scratched, 
and  o^rooved. 

The  second  peculiarity  is  the  remarkable  resemblance  to  a  volcanic 
rock  occasionally  presented  by  the  more  compact  forms  of  shale,  and  by  a 
variety  of  the  sandstone.  So  great  is  the  similarity  between  the  shale  and 
a  consolidated  volcanic  ash  that  two  experienced  surveyors  have,  at  diflferent 
times,  marked  the  beds  as  trappean,  whilst  the  sandstone  occasionally 
simulates  a  decomposed  basalt  in  colour  and  mode  of  weathering. 

The  third  noteworthy  feature  of  the  Talchir  beds  is  their  power  of 
resisting  disintegration,  and  the  entire  barrenness,  provided  they  are  rot 
covered  by  alluvial  deposits  derived  from  other  rocks,  of  the  ground 
where  they  appear  at  the  surface,  a  natural  consequence  of  their  not 
decomposing  to  form  soil.  In  many  places  along  the  edges  of  the  coal- 
fields, where  the  Talchir  beds  occupy  the  ground,  it  is  possible  to  walk  for 
miles  through  very  thin  jungles,  free  from  grass,  over  a  surface  composed 
entirely  of  the  finely  comminuted  greenish  grey  shales. 

South  of  the  Pengangi  river  a  peculiar  rock  was  found  by  Mr.  Fedden 
in   the   Talchirs    near    Charli,  and  again  in  the  Khairgaon  nala  west    of 

'  T.  Oldham,   Memoirs,  IX,  324,  (1872);  Fedden,  Records,  VIII,  16,(1875). 
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N^ndf^aon.  It  is  a  calcareous  sandstone,  nvIiosc  calcareous  cement  lins 
assumed  the  form  of  opliilic  crystalline  masses  quarter  of  an  inch  across. 
These  crystals  have  been  irregularly  attacked  in  the  weathering  and  the 
rock  split  up  into  a  number  of  irregular  aggregates  of  quartz  grains, 
separate  from  each  other,  but  held  together  by  the  interlocking  of  their 
irregularities.  The  rock,  as  a  whole,  has  consequently  a  certain  amount  of 
flexibility  analaijous  to  that  of  what  is  known  as  itacolumite.^ 

The  Talchirs  preserve  all  their  peculiarities  throughout  the  area  in  which 

they  occur, — an  enormous  tract  of  country,  extending  from  the  flanks  of  the 

R^jmahitl  hills  to  the  Goddvari,  and  from  the  Rc^niganj  field  on  the  borders 

of  the  alluvium  of  Lower  Bengal  to  the   neighbourhood    of  Hoshang^b^d, 

Nclgpur,  and  Chdndd. 

The  thickness  of  the  Talchirs  nowhere  appears  to  exceed  about  800 
feet,  their  extreme  measurement  where  fully  developed  in  part  of  the 
R^niganj  coal-field. 

The  fossils*  hitherto  discovered  in  the  Talchir  rocks  are  very  few  in 
number.  Of  animal  remains  only  the  wing  of  a  neuropterous  inject  and 
some  annelid  tracks  have  been  discovered,  whilst  the  plant  remains  consist 
of  Noegoeraihiopsis  hislopi  and  three  ferns,  Gangamopteris  cycloptcroides^ 
G.  angnstifolia^  and  Glossopteris  coinmunis.  The  only  evidence  of 
vegetable  life  hitherto  found  has  been  in  the  higher  beds  of  the  group, 
and  there  is  a  remarkable  absence  of  plants  in  the  lower  shales,  which  are 
admirably  suited  for  preserving  vegetable  impressions.  Even  in  the  upper 
beds  of  the  group  (ossils  are  of  singularly  rare  occurrence. 

Reference  has  already  been  made  to  the  possibility  of  a  lacustrine  ori- 
gin for  the  Talchir  beds,  or  at  least  for  the  lower  portion,  The  chief  rea- 
son for  suggesting  that  these  beds  may  have  been  deposited  in  lakei  is 
the  great  thickness  of  very  fine  sediment  accumulated  at  the  base  of  the 
group,  and  the  very  frequent  occurrence  of  much  finer  beds  below  than 
above.  The  latter,  on  the  hypothesis  of  a  lacustrine  origin,  may  be  ex- 
plained by  the  gradual  silting  up  of  a  lake  basin,  in  which  fine  sediment 
would  be  deposited  at  a  distance  from  the  margin,  whilst  coarser  beds 
would  be  thrown  down  by  rivers  as  their  deltas  advanced  into  the  lake 
and  filled  it  up.  This  evidence,  however,  is  quite  insufficient  by  itself  to 
prove  that  the  Talchirs  are  a  lacustrine  deposit,  and  it  is  at  least  equally 
probable  that  they  were  formed  in  a  river  valley,  like  the  overlying  members 
of  the  GondwcLna  system. 

At  the  same  time  the  large  size  of  the  boulders   and   their  generally 


'  Memoirs^  XIII,  16,  (1877).  Compare  the 
Kalidna  flexible  sandstone  {supra^  p.  72) ;  see 
also,  for  a  more  detailed  description,  Records^ 
XXII,  54,  (1889). 

'  The    determinations    of  fossil    plants  be- 


longing to  this  and  other  groups  of  ihe 
Gondwana  system  ,are  taken  from  Dr.  Feis- 
mantel's  descriptions  in  the  Pal,  ind.j  series 
ii,  xi,  xii,  (1877-86). 
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rounded  aspect  suggest  that  they  were  produced  by  rapid  flowing  streams, 
whose  beds  had  a  steep  gradient.  The  great  unconformity  between  the 
Talchirs  and  the  underlying  rocks  points  to  a  long  continuance  of  dry 
land  conditions,  unfavourable  to  the  accumulation  of  sediment,  and  one  of 
the  first  effects  of  those  land  movements  which  caused  its  accumulation 
might  well  be  to  split  up  the  river  valleys  into  large  lake  basins,  and 
steep  stream  valleys  leading  into  them.  Were  this  the  case,  all  the  con- 
ditions essential  to  the  explanation  of  the  features  ordinarily  exhibited 
by  the  Talchir  boulder  bed  would  be  existent,  if  winter  ice  were  super- 
added.' 

This  explanation  is  not,  however,  sufficient  to  account  for  the  smoothed, 
polished  and  striated  surfaces  of  the  fragments  included  in  the  Talchir 
conglomerate,  and  of  the  underlying  Vindhyan  limestones  in  the  Pen- 
gangi  valley,  which  appear  to  be  due  to  the  action  of  a  true  glacier.  The 
boulder  beds  largely  developed  near  Bip,  in  western  Rijput^na,  which  can 
hardly  be  other  than  of  Talchir  age,  being  unconformably  superimposed 
on  the  Vindhyan  limestones  and  older  than  the  upper  Gondw^na  beds 
of  this  district,  contain  numerous  well  glaciated  fragments,  and  a  similar 
boulder  bed  near  Pokaran  is  seen  to  rest  on  a  surface  of  older  rock,  which 
is  not  only  smoothed  and  striated,  but  exhibits  typical  rocha  tnoutonnies. 
In  the  last  named  instance  there  is  some  possibility  that  the  boulder  bed  is 
older  than  Talchir,*  but  excluding  this,  there  is  evidence  enough  that 
glaciers  must  have  descended  to  low  levels  in  Talchir  times. 


The  coal  bearing  rocks  of  the  Karharbiri  coalfield  w^ere  originally 
assigned  to  the  Barakar  group  in  the  publications  of  the  Geological 
Survey,  on  account  of  their  mineral  character  and  their  position  imme- 
diately above  the  Talchir  beds.  The  examination  of  the  Karharb^ri 
fossil  flora  has,  however,  shown  that,  whilst  all  the  species  known  to  be 
found  in  the  Talchir  beds  are  represented,  one  of  them  {Gangamopteris 
cyclopteroides)  being  the  commonest  fossil  of  the  Karharb^ri  beds,  many 
of  the  common  Damuda  fossils  are  rare  or  wanting,  and  several  very  re- 
markable species  are  found  which  have  not  hitherto  been  detected  in  the 
Damuda  series.  The  peculiar  excellence  of  the  coal,  and  its  superiority  to 
that  obtained  from  the  majority  of  the  Damuda  seams,  have  led  to  exten- 
sive mining  operations  in  the  Karharbdri  field,  and  it  has  consequently  been 
possible  to  obtain  good  collections  of  the  fossil  plants.^  It  has  also  been 
noticed  that  the  coal  of  Karharbari  differs  in  structure  from  that  of  the 
Damuda  series  generally,  and  a  partial  re-examination  of  the  field  appears 
to  justify  the  inference  that  there  is  also  a  slight  distinction  between  the 


^  W.  T.  Blanford,  Records,  XX,  49.  (1887). 

'  Supra,  p.  106. 

'  These  have  beeo  chiefly  collected  by  Mr. 


I.  J.  Whltty,  Sup^rintemlent  of  the  East 
Indian  Kailway  Company's  collieries  at 
Karharbari. 
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Karharbiri  and  Barakar  sandstones,  although  it  is  as  yet  uncertain  whether 
a  passage  may  not  eventually  be  found  between  the  Karharbiri  group 
and  the  Barakars.  The  palaeontological  evidence  hitherto  obtained  tends, 
however,  to  connect  the  former  with  the  Talchir  group,  and  it  appears 
best,  for  the  present,  to  keep  the  Karharbiri  rocks  distinct  from  the 
overlying  Damuda  series,  under  the  name  of  the  coalfield  in  which  they 
were  first  distinguished. 

The  rocks  of  the  Karharbiri  group  consist  almost  solely  of  sandstones, 
grits,  and  conglomerates,  with  seams  of  coal.  Very  little  shale  occurs,  the 
litde  which  exists  being  associated  with  the  coal  seams.  The  sandstones 
are  mostly  white,  grey,  or  brown,  and  felspathic,  often  gritty  and  conglo- 
meratic, from  containing  large  fragments  of  felspar  and  pebbles  of  quarts. 
rhe  chief  distinction  between  the  constituents  of  the  grits  and  conglo- 
merates forming  the  Karharbiri  group,  and  those  which  make  up  so  large 
a  portion  of  the  Barakars,  is  that  in  the  former,  and  especially  in  the 
coarser  grits  and  conglomerates,  a  large  proportion  of  the  fragments  of 
felspar  and  quartz  are  angular  or  subangular,  whereas  in  the  Barakars  the 
pebbles  are,  as  a  rule,  particularly  well  rounded.  The  coal  of  Karharbiri 
is  rather  dull  coloured  and  tolerably  homogeneous  in  structure,  the  layers 
of  very  bright  jetty  coal,  which  are  so  conspicuous  in  the  Damuda  seams, 
being  in  general  few  and  ill  marked.  The  seams  appear  to  be  somewhat 
variable  in  thickness,  but  to  undergo  very  little  change  in  composition 
throughout  the  small  field  in  which  they  are  found.  Some  of  the  seams, 
both  in  the  Barakar  and  Riniganj  subdivisions  of  the  Damuda  series, 
furnish  fuel  equal  in  ^quality  to  that  extracted  at  Karharbiri,  but  they  are 
much  more  distinctly  laminated. 

The  Karharbiri  beds  rest  with  apparent  conformity  on  the  Talchirs,  but 
the  former  completely  overlap  the  latter  in  places,  within  the  limits  of  the 
little  Karh.'irbiri  field,  and  the  mineral  characters  of  the  two  groups  are 
strongly  contrasted.  In  the  west  of  the  Ka«'harbari  basin  the  Talthirs 
attain  a  thickness  of  about  500  or  600  feet,  whilst,  within  a  distance  of  less 
than  four  miles  to  the  eastward,  the  Karharbiri  beds  rest  upon  the  gneiss. 
It  is  probable  that  the  highest  rocks  seen  within  the  coalfield  may  be  of 
13arakar  age,  and  there  is  some  slight  appearance  of  the  Karharbiri  beds 
being  overlapped  by  these  higher  strata,  but  the  overlap  is  not  clear.  The 
whole  thickness  of  the  Karharbiri  group  is  probably  about  500  feet. 

Outside  the  limits  of  the  Karharbiri  field  the  Karharbiri  group  has 
been  recognised,  on  palxontological  grounds,  at  Mohpini  in  the  Narbada 
valley,  in  the  Diltonganj  coalfield  and,  with  considerable  degree  of  proba- 
bility, in  Hutar  and  Rewi.  1  he  coal  in  a  seam,  lying  very  little  above 
the  Talchir  group,  in  the  Riniganj  field  resembles  the  Karharbiri  coal  in 
mineral  character,  and  it  is  probable  that  this  group  will  be  found  to  have 
a  wider  distribution  than  is  now  known,  and  to  be  represented  in  all  those 
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sections  where  the  Talcliirs  are  described  as  conformable  to  the  beds  above 
them. 

The  only  fossils  which  have  so  far  been  formed  in  the  Karharbari  beds 
are  plants  of  which  the  following  is  a  list^;  those  species  distinguished 
by  an  asterisk  having  also  been  found  in  the  Damuda  beds,  while  a  dagger 
marks  the  forms  which  have  been  found  in  the  underlying  Talchirs  :  — 

EaUISETACE-E  — 


Schiaoneurn^  ci.  n^erumi, 
*  Vertehraria  ina'ica, 

FlLICES  — 

^iGangam^pi  'ris  cycIol>ter aides. 

{?,  btiriad'ca. 
VI  a  jo  r, 
obltqna, 
t  »>  angiistifolin, 

„  cf.  spMulntit, 

*  t  Gf&s-sop fen's  cmnm  u  n  is. 
«  „  damn  die  a. 

„  decipien^. 

«  „  indico. 


>j 


f» 


t« 


VlLlCES.—COntd, 

Sogenipteris  (?)  stolv ek.ina. 

Cycadeace-e  — 

Glossozamites  s'oliceknnits. 
'fXipggeraihiopsis  hislopi. 

CoxiFER/E  — 

Enryp  'lyll »  m  wh  if  tin  num. 
V()lt^ia  hehrophylla. 
Albertia,  sp. 

Seeds — 

Samaropsts,  sp. 
Cnrdiocarpuntt  sp. 
Cnrp^  iithes  milleri. 


The  Talchir-Karharbdrl  groups  are  succeeded  by  a  great  series  of  beds, 
the  I>amuda  series,  which  was  first  examined  and  described  in  the 
coalfields  of  the  Ddmodar  valley.  Nearly  all  the  coalfields  of  the  Indian 
Peninsula  owe  their  mineral  wealth  to  the  presence  of  these  beds,  the 
Karharbari  being  the  only  other  important  coal  bearing  group,  and  the 
quantity  of  valuable  minerals  contained  in  the  rocks  of  the  Damuda  series 
is  probably  greater  than  that  of  all  the  other  rock  groups  of  India  com- 
bined. 

The  Damuda  series  in  Bengal  has  been  found  to  consist  of  three 
subdivisions,  known  in  ascending  order  as  the  Barakar  group,  Ironstone 
shales,  and  Rciniganj  beds.  The  first  and  lo'-vest  is  also  found  in  the 
Son,  Mahinadi,  Narbad^,  and  God^vari  valleys,  the  upper  subdivisions 
being  represented  by  groups  differing  in  mineral  character  from  the 
Bengal  beds.  In  the  Sdtpura  area  the  Damuda  subdivisions  are  known 
as  the  Barakar,  Motur,  and  Bijori  groups,  and  in  the  Godivari  valley, 
above  the  Barakar  group,  there  also  the  only  coal  bearing  formation,  a 
single  member  of  the  upper  Damuda  beds  occurs,  and  is  known  as  the 
K^mthi  group.  A  similar  arrangement  prevails  in  the  Mah^nadi  and 
Brdhmani  area,  only  two  Damuda  subdivisions  being  found,  which  appear 
to  correspond  to  those  of  the  Goddvari  region. 

The  mineral  characters  and  geological  relations  of  all  these  dififerent 
groups  must  be  described  separately.     It  is  sufficiv'^nt  for  the  purpose  at 

^  Pal.  Ind.,  series  xii,  III,  pt.  i,  (1S7;  8i);  IV,  pt.  2,  (18S2). 
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present  to  note  that  all  consist  of  sandstones  and  shales,  with  more  or 
less  ferruginous  bands,  and  that  some  contain  coal.  Slight  unconformity 
between  the  different  groups  has  been  noticed  in  places,  and  the  Barakar 
beds  are  frequently  unconformable  to  the  Talchirs.  The  whole  thickness 
of  the  Damuda  series  is  8,400  feet  in  the  Rdnfganj  field,  and  about  10,000 
feet  in  the  Sitpura  basin.  It  thus  constitutes  the  most  important  portion 
of  the  Gondwina  system. 

'Ihe  examination  of  the  floras  of  the  different  groups  of  the  Damuda 
series  has  shown  that  there  are  slight  differences,  but  as  nearly  all  the 
species  of  the  Barakar  group,  and  without  exception  all  the  more  abund- 
ant forms,  are  also  found  in  the  Rinfganj  group,  they  have  been  united  in 
one  list  given  below.^  The  letters  /.,  m.^  u.  prefixed  signify  that  the 
species  have  been  found  in  the  Lower,  Middle,  and  Upper,  or  Barakar 
Ironstone  or  Rdniganj  beds,  respectively  ;  a  dagger  that  it  is  also  known 
from  beds  of  Karharbiri  age,  and  an  asterisk  that  it  ranges  into  rocks 
newer  than  the  Damuda  series  : — 


EaUlSETACEA^ 

♦  t  !•  u.  SchtBoneura gondwanensis. 

u.  fhyllotheca  ivdica. 
u  ?  „  rotusta, 

1.  u.  TrtBygia  (Sphenoph^Hum)  spe' 
ciosa. 

•  t  1-  u.  Vrrtebraria  indifa, 

FiLICF.S — 

I.  Cyathea,  cf.  ichihatcheffi. 
1.  u.  Sfhenopterts  polymorpha, 
u.  Dicksonia  hughesi, 
u  Aleihopteris  whithyensis. 
u.  n  littdleyana. 

u.  „         phegopieroides, 

u.  Pecopieris  affints, 
u  Afe'tanopteris  mnjor. 
*  L  m.  u.  Macrotceniopteris  danajides, 
11.  „  feddeni. 

u.  PnlfBovittaria  kurei, 
u.  Angiopteridium,    cf.    McClel' 

landi, 
I.  „         in/arctum. 

*  t  I.  m.  u.  C Icssopteris  communis, 
1. 

u. 
u. 

♦  t  I-  ni.  u. 
)•  u. 
I.  u. 


m.  u  Glossopteris  reiifera. 
m.  u.  .,  ronspicuih 


>9 
t> 
>t 
ft 


intermittens, 
strirta  . 
f    musafoUa. 
itidica. 
hrovaniim ». 
intermedia. 


u. 
u. 

♦  1 1,  m.  u. 

*  I.  m.  u. 

u. 
u. 
u. 


t» 


it 


t» 
>* 


tngens, 
diver  gens* 
damudira, 

atigustifoliii, 
lepto  neurit, 
formosti, 
orbicularis. 

u.  Gangamopteris  anthrophyoides. 

u.         ,»  whittiana. 

u.         „  hughesi. 

t  ^  ni»         >t  cyclopteroides. 

u.  Belemnotteris vjood'tuasoniiina. 

u.  Anthrophyopsis,  sp. 
1  u.  Dirtj^'Opteridium,  sp. 

u.  Sagenopteris  (?)  longifclia. 

u.         „  polyp  It  t/lla. 

u.  Aetinopteris  bepgolensis, 

Cycadeace.«— 

u.  Pterophyllum  burdwaifeuse. 
1.  PlatyptertQium  balli, 
\  1.  m.  u.  Noeggeiathiopsis  hislopi. 

Conifers — 

t         u,  VoltBia  heterophylla. 

u.  Rhipidiopsis  densinervis. 
1.  »,  gingkoides. 

1.  Cyclopitys  dichofoma, 
•t  1.  u.  Samaropsis,  cf.  fatvula 


•  Pal.  Itidica,  scries  xii,  III,  pt.  ii.  iii,  (1880-81),  IV.  pt.  ii,  (i885). 
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Altliout^h  tliere  is  little  difference  between  the  floras  found  in  the 
various  subdivisions  of  the  Damuda  series,  the  characters  and  relations 
of  ihe  minor  groups  require  separate  notice,  and  of  these  groups  the 
lowest  and  the  most  important  is  the  Barakar.  This  group,  derives 
its  name  from  a  river  which  traverses  the  western  portion  of  the  Rini- 
^anj  coalfield,  and  then  falls  into  the  Dimodar  within  the  limits  of 
the  field.'  In  the  higher  portion  of  its  course  the  Ekirakhar  river  receives 
the  streams  which  drain  the  Karharbiri  coalfield. 

The  Barakars  have  an  equally  extensive  range  with  the  Talchirs,  and 
consist  of  conglomerates,  sandstones  of  various  kinds,  shales  and  coal. 
The  sandstones  are  often  coarse  and  felspalhic,  a  variety  of  frequent 
occurrence  being  rather  massive,  white  or  pale  brown  in  colour,  soft  at 
ihe  surface  and  not  much  harder  below,  consisting  of  grains  of  quartz 
and  decomposed  felspar.  The  weathered  surface  of  this  sandstone  fre- 
quently exhibits  small  projecting  knobs,  apparently  due  to  calcareous 
concretions.  One  of  the  most  striking  distinctions  between  the  sandstones 
of  the  Talchirs  and  those  of  the  overlying  formations  consists  in  the 
felspathic  constituents  of  the  former  being,  as  a  rule,  undecomposed,  while 
in  the  Damuda  series  the  grains  of  felspar  are  almost  invariably  converted 
into  kaolin. 

Besides  the  whitish  felspathic  sandstone,  another  typical  Barakar  rock 
is  a  conglomerate  of  small,  well  rounded,  white  quartz  pebbles.  These 
are  sometimes  found  scattered  over  the  surface  and  serve  to  indicate  the 
presence  of  the  conglomerate,  where  it  is  not  exposed  in  section.  The 
matrix  ot  the  conglomerate  is  usually  white  sandstone. 

It  must  not  be  supposed  that  white  is  the  only  colour  of  the  Barakar 
sandstones.  Brown,  red,  yellow,  and  other  tints  are  to  be  found,  and  pre- 
dominate  in  many  places.  The  whitish  felspathic  sandstone  is  however  a 
typical  rock,  preserving  its  character  in  localities  as  far  apart  as  Riniganj 
in  Bengal  and  Chindi  in  the  Central  Provinces,  being  well  developed 
in  the  Godavari  valley,  but  it  is  subordinate  and  forms  but  a  small  portion 
of  the  group  to  the  eastward.  Here  the  greater  portion  of  the  Barakar 
rocks  consists  of  shales,  grey,  blue  or  black,  frequently  micaceous,  and 
more  or  less  sandy,  occasionally  associated  with  argillaceous  iron  ore,  and 
often  containing  seams  of  coal.  Not  unfrequently  the  shaly  beds  are 
interstratified  with  hard  flags. 

The  coals  of  the  Barakar  group  vary  greatly  in  quality  and  character  in 
the  different  coalfields.  They  all,  however,  agree  in  having  a  peculiar 
laminated  appearance,  due  to  their  being  composed  of  alternating  layers 
of  bright  and  dull  coal,  the  former  purer  and  more  bituminous  than  the 
ktter,  which,  in  many  cases,  is  shale  rather  than  coa!.     The  best  coals  are 

>  Memoirs,  III,  212,  (1863}. 
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those  in  whicli  the  bright  layers  predominate,  bot  nearly  all  seams  hitherto 
discovered  are  somewhat  inferior  lo  average  European  coal  of  tlie  carboni- 
ferous formation,  and  there  is  a  general  tendency  to  variation  in  the  thick- 
ness  and  quality  of  each  seam  within  short  distances.     At  the  same  time 
excellent  fuel  has  been  obtained  from  some   Barakar  seams.      Some  coal 
beds  are  of  immense  thickness,  single  seams  (including  partings  of  shale; 
amounting  to  as  much  as  35  feet  in  the  Rinfganj  coalfield,  50  feet  near 
Chandi,  and  no  less  than  90  feet  at  Korba  in  Bilispur.      Some  of  the 
Barakar  coal  exhibits  a  peculiar  spheroidal  structure,  and  round  balls  of 
various  sizes,  up  to  more   than  a  foot  in  diameter,  break  away  from  the 
mass  when   the  coal  is  mined.     So  thoroughly  are   these  rounded  that 
they  were  taken  at  first  for  rolled  fragments,   derived  from  some  older 
formation.^ 

In  places  the  Barakars  rest  quite  conformably  upon  the  Talchirs,  and 
the  two  groups  appear  to  pass  into  each  other.  In  general,  there  is  an 
abrupt  change  in  mineral  character,  but  the  only  case  which  has  hitherto 
been  found  in  which  there  is  clear  evidence  of  denudation  having  renoved 
portions  of  the  lower  beds,  during  the  deposition  of  the  higher  group,'  is  in 
the  Rimgarh  coalfield,  where  rolled  fragments  derived  from  the  Talchirs 
have  been  found  in  the  beds  of  the  Barakar  group.  The  Barakars,  however, 
overlap  the  underlying  Talchirs  in  many  places  and  rest  upon  the  metamor- 
phic  rocks,  and  in  some  coalfields,  as  in  that  of  Riniganj,  there  appears  to 
be  overstep  as  well,  the  highest  beds  of  the  Talchirs  disappearing  first,  as  if 
they  had  suffered  from  denudation.  It  yet  remaii.s  to  be  seen  whether 
representatives  of  the  Karharbdri  beds  do  not  intervene  in  those  cases 
in  which  there  is  an  apparent  passage  between  the  Barakar  and  Talchir 
groups, 

'Ihe  Barakars  appear  nowhere  to  exceed  the  thickness  of  3,300  feet^  a 
development  which  they  attain  only,  so  far  as  is  krown,  in  the  Jharii  field. 
In  no  other  field,  except  Rimgarh,  do  they  exceed  2,oco  feet. 

Above  the  Barakar  group  in  the  Rinfganj  and  a  few  other  fields 
of  the  Dimodar  valley,  there  is  found  a  great  thickness  of  black  or  grey 
shales,'  with  bands  and  nodules  of  clay  ironstone  (carbonate  oi  iron, 
mixed  with  clay),  some  of  which  is  of  the  carbonaceous  variety  known 
as  black  band.  Towards  the  base  these  beds  become  more  sandy,  and 
interstratificationsof  sandstone  occur  amongst  them.  The  shales  disinte^ 
grate  slcwly,  and  consequently  the  tract  covered  by  this  group  is  barren, 
and  frequently  elevated,  but  the  rocks  are  not  as  a  rule  well  exposed  on 
the  surface,  although  their  presence  is  indicated  by  fragments  of  ironstone 
being  scattered  about, 

'See  your.  As.  Soe.  Beng,,  XVII,  59,  (1848);     I     •  Memoirs,  VI,  113.  (1867). 
XVIII,  41a,  (i«44);    XIX,  75,  (1850)/  I     »  JI/^#K>f>4.  lU,  40,  (1863). 
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The  greatest  thickness  attained  by  the  ironstone  shales  is  about  1,500 
feet  in  the  Bokiro  coalfield,  and  they  are  nearly  as  thick  in  the  Ranfganj 
field.  As  a  rule,  they  are  quite  conformable  to  the  underlying  Barakars, 
the  slight  unconformity,  which  has  been  observed  in  places,  is  very  possibly 
local,  but  one  case^  has  been  noticed  where  a  break  in  time  may  be  indicated. 

Fossils  are  not  common,  and  most  of  the  species  recorded  were  ob- 
tained from  the  South  Karanpuri  coalfield. 

The  highest  group  of  the  Damuda  series,  in  the  Ddmodar  valley, 
derives  its  name  of  Rdnfganj  from  the  principal  town  of  the  mining 
district  of  Bardwdn,  and  comprises  a  great  thickness  of  coarse  and  fine 
sandstones,  with  shales  and  coal  seams.'  The  sandstones  are  moderately 
coarse,  as  a  rule  in  thick  massive  beds,  white  or  brown  in  colour,  and 
obliquely  laminated.  They  are  usually  more  or  less  felspathic,  the  felspar 
being  converted  into  kaolin.  Bands  of  rather  calcareous,  fine,  hard,  yellow 
sandstone,  often  weathering  out  at  the  surface  in  nodular  fragments,  are 
common  and  characteristic  of  the  group.  Conglomerates  are  of  rare 
occurrence.  Shales  form  a  much  smaller  portion  of  this  group  than  they 
do  in  the  Damodar  area  of  the  subjacent  Barakars.  They  are  sometimes 
black  and  carbonaceous,  sometimes  bluish  grey,  and  occasionally  red  or 
brown,  more  or  less  mixed  with  sand  or  stained  by  iron,  and  small  bands 
of  argillaceous  ironstone  occasionally  occur,  though  they  are  not  common. 
The  coal  is  composed  of  alternately  bright  and  dull  layers,  as  in  the 
Barakars. 

This  group  is  of  considerable  thickness  in  the  R^niganj  field,  being 
as  much  as  5,000  feet  from  top  to  bottom  where  fully  developed,  and  it 
is  possible  that  this  is  less  than  the  original  thickness,  for  the  next  group 
in  ascending  order  rests  upon  the  denuded  surface  of  the  present.  The 
RcLnfganj  group  diminishes  in  thickness  in  the  other  fields  to  the  west- 
ward, and  appears  to  be  represented  by  groups  of  different  mineral  charac- 
ter beyond  the  Hmits  of  the  DcLmodar  drainage. 

As  a  general  rule,  the  Ranfganj  beds  are  conformable  to  the  ironstone 
shales,  but  the  higher  group  oversteps  the  lower,  and  rests  on  the  Bara- 
kars, in  the  Bokdro  coalfield,  near  Hazdribdgh. 

No  animal  remains  have  been  found  in  the  rocks  of  this  group,  but 
plants  are  abundant  and  comprise  nearly  all  those  in  the  Barakar  groups, 
besides  a  number  of  species  that  are  not  known  from  any  lower  horizon. 

The  lithological  distinction  of  the  threefold  division  of  the  Damuda 
series,  and  the  overlying  Pinchet  group,  which  will  be  noticed  further  on, 
has  only  been  recognised  with  certainty  in  the  coalfields   of  the  Ddmodar 

»  Memoirs,  III,  42,  (1863).  i  »  Memoirs,  III,  46,  (1863). 
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valley.  The  Riniganj  and  P^nchet  groups  have  been  recognised,  palaion- 
tologically,  in  south  Revvd.  though  they  have  not  been  mapped,  but  in  the 
Mahanadi  and  God^vari  drainage  areas  the  Barakars  are  overlaid  by  a 
great  series  of  beds  which  have  been  described  in  different  areas  by 
various  names. 

In  the  Sitpura  ranges,  south  of  the  Narbadi,  the  lower  Gondwdna 
beds,  above  the  Barakars,  have  been  divided  into  two  groups, — the  Motiir 
and  Bijori.  This  area  has  not  had  the  same  attention  paid  to  it  as  that  ol 
Bengal,  the  Godavari  valley,  and  Orissa,  and  the  classification  of  the  beds 
alTove  the  Barakars  must  be  regarded  as  purely  provisional. 

The  Motur  group  ^  derives  its  name  from  a  village  of  that  name 
sHuated  about  12  miles  south-south-east  of  Pachmarhi,  on  the  dividing 
ridge  between  the  valleys  of  the  Denwa  which  runs  into  the  T4vva, 
a  tributary  o?  the  Narbadi,  and  the  Kanhdn,  which  is  a  tributary  of 
the  Godclvari.  The  village  is  on  the  road  from  Badnur  and  Chhind- 
wdrA  to  Pachmarhi,  and  was  at  one  time  used  as  a  sanitarium. 

The  beds  of  this  group  somewhat  resemble  the  Pinchets  of  Bengal  in 
mineral  character.  They  consist  of  thick,  coarse,  soft,  earthy  sandstones, 
grey  and  brown,  sometimes  with  red  and  mottled  clays  and  calcareous 
nodules.  Shales  occur,  but  they  are  usually  sandy  and  very  rarely  carbona- 
ceous. It  is  probable  that  the  Motur  group  is  unconformable  to  the  Bara- 
kars. No  collections  of  fossils  have  hitherto  been  made  from  the  beds  of 
the  Motur  horizon. 

ThQ  highest  members  of  the  Damuda  series  in  the  Sitpura  region 
are  exposed  in  the  upper  Denwa  valley,  at  the  southern  base  of  the 
Mahadeva  or  Pachmarhf  hills.  For  the  rocks  of  this  horizon  the  name 
of  Bijori  has  been  proposed,*  from  a  small  village  rendered  famous 
by  being  the  locajity  whence  the  only  distinctly  vertebrate  fossil,  except 
Drachiops^  yet  obtained  from  the  Damuda  series,   was  procured. 

The  rocks  of  the  Bijori  horizon  are  characteristically  Damudas,  and 
comprise  shales,  occasionally  carbonaceous,  micaceous  flags  and  sand- 
stones. 

Nothing  definite  is  known  of  the  relations  between  the  Bijori  and  Motur 
groups,  nor  has  the  thickness  of  either  been  determined,  but  the  greater 
portion  of  the  3,000  to  4,000  feet  of  beds,  intervening  between  the 
Motiir  beds  and  the  base  of  the  Pachmarhi  sandstone,  may  be  assigned 
to  the  Bijori  group. 

The  most  important  fossil  hitherto  found  in  the  Bijori  beds  is  the 
specimen  already  referred  to,  which  is  the  skeleton  of  a  Labyrinthodont 
allied  to  Archcgosauruiy  described  by  Mr.  Lydekker  under  the  name  of 
ij ondwanosaurus  bijorien^is. ^ 

»  Memoir  St  X.  i6i,  (1873).  ,     '  Pal,  Indka,  series  iv,  I,  pt.  4,  (1885). 

*  Memoirs,  X,  1591(1873).  I 
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Besides   Ibe    labyrinthodont,   the  following  plants  have    been   identi- 
fied :-> 


Equisbtace«— 

FiLicESt"  contd. 

SchtBoneUra  gondwanensis* 

Glossopferis  dantudiea. 

Vertebraria  indie  a. 

„            reiifera. 

Trieygia  sfeciosa. 

,%            angfisti/olia. 

FiLICES — 

Cangamopierist  sp. 

Dicksoniat  sp. 

CONIFP.RiE— 

Glossop ten's  communis. 

SamaropsiSf  cf.  parvula. 

The  general  fades  of  this  flora  corresponds  best  with  that  of  the 
Riniganj  group  in  Bengal,  with  which  it  may  he  correlated  in  a  general 
way,  as  long  as  exact  contemporaneity  of  origin  is  not  asserted. 

In  the  Godivari  valley,  and  in  Chhatisgarh  and  western  Orissa,  the 
beds  which  overlie  the  Barakar  group  have  been  described  under  the 
names  of  Kamthf  and  Hingir,  respectively,  but  in  spite  of  some  minera- 
logical  differences,  the  two  seem  to  represent  each  other  so  closely  that 
they  may  be  united  under  the  first  mentioned  and  older  name. 

The  name  Kamthf  is  derived  from  the  military  station  so  called, 
twelve  miles  north-east  of  Ndgpur,  and  the  station  again  derives  its  name 
from  a  village  on  the  opposite  side  of  the  Kanhdn  river,  where  there  is  a 
famous  quarry  which  has  yielded  a  large  number  of  fossils.  The  term 
Hingir  is  derived  from  a  zamindiri  of  that  name  situated  north  of 
Sambalpur.* 

'Ihe  typical  KAmthf  rocks  consist  of  conglomerates,  grits,  sand- 
stones, shales,  and  clays.  The  conglomerates  contain  pebbles  of  quartz. 
The  grits  are  sometimes  hard  and  silicious,  so  much  so  as  to  be  quarried 
for  quernstones,  but  usually  they  are  soft  and  argillaceous.  They 
are  frequently  stained  by  iron,  and  are  often  intersected  by  hard  fer- 
ruginous  bands  of  a  dark  brown  colour.  The  sandstones  are  of  every 
shade  of  colour,  and  vary  greatly  in  character.  They  comprise  fine  grained 
micaceous  beds,  white  in  colour,  with  blotches  and  irregular  streaks  of  red, 
and  one  of  the  most  characteristic  beds  of  the  fofination  is  a  very  fine 
argillaceous  sandstone,  hard,  massive,  and  homogeneous,  resembling  a 
shale  in  structure,  except  that  it  exhibits  no  trace  of  lamination,  yellow  in 
colour  below  the  surface,  but  becoming  red  when  exposed.  It  passes  into 
red  shale.  Another  characteristic  bed  is  a  hard  grey  grit  or  sandstone, 
ringing  under  the  hammer  and  breaking  with  a  conchoidal  fracture.  The 
clays  are  red  or  green  in  colour,  and  chiefly  prevail  in  the  upper  portions 
of  the  group. 

These  typical  beds,  with  the  exception  of  the  clays,  are  chiefly  de- 
veloped nearNigpur.  Elsewhere  the  Kdmthfs  consist  mainly  of  soft,  porous 


»  Pal.  Indica,   series  xii,  III,  pt.  ii,  17,  (1880). 

'  Records,  IV,  50,  (sSyi)  ;  M/moirs,  IX,  305,  (1872). 
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sandstone,  brown  or  white  in  colour,  and  conglomeratic  in  places,  often 
with  hard,  ferruginous  bands,  and  a  few  red  shales.  Here  and  there, 
however,  a  band  of  one  of  the  characteristic  rocks  is  met  with  towards  the 
base  of  the  formation. 

The  chief  peculiarity,  which  distinguishes  the  Kdmthf  group  from  the 
Rdnfganj  and  Bijori  groups,  is  the  absence  of  carbonaceous  markings.  In 
other  Damuda  groups,  with  the  exception  of  the  ironstone  shales,  the 
remains  of  plants  generally  retain  a  portion  of  their  original  carbon,  but 
this  appears  very  rarely  to  be  the  case  amongst  the  K^mthjs. 

The  thickness  of  the  KimthJ  group  has  not  been  determined,  but  it  is 
undoubtedly  considerable,  probably  5.000  to  6,000  feet  at  least.  The  beds 
belonging  to  this  group  generally  appear  conformable  to  the  Barakars, 
but  it  is  extremely  doubtful  if  the  conformity  is  more  than  apparent,  for 
the  Kimthf  beds  overlap  the  Barakars  in  a  most  irregular  manner,  and 
the  break  in  conformity  between  the  two  is  well  marked  in  places.  The 
Hingir  beds,  both  near  Sambalpur  and  in  the  Tilcher  coalfield,  certainly 
rest  unconformably  in  places  on  the  Barakar  group.* 

The  fossil  plants  of  the  Kamthi  group  comprise  the  following  species  :' 
D.       Phyllotheca  indica.  Clossopteris  muscpfolia. 


D.        Verlebraria  indica. 

Pecopterts,  sp. 
D.  P.  Clossopteris  cofnmunts. 
D.P.  „         indtca. 

D.  „         browniana, 

D.  f,         damudica, 

n         sirictd. 


9>      lepioneura. 

Gangiimopteris  hughesi. 

Angiopteridtum^  cf.  tnarclellandu 
D.  Macrotaniopteris  daniBoides. 
D,  „  feddcni, 

Naggerathiopsis  hislopi. 


In  the  foregoing  list  the  letter  D  prefixed  to  the  name  of  a  species 
signifies  that  it  is  also  found  in  the  Damuda  series  of  Bengal,  and  the 
letter  P  that  the  same  species  is  known  from  the  Pinchet  group.  Of  the 
former,  all  are  found  in  the  Rinfganj  group,  but  not  all  in  the  lower  groups, 
one  species  Angiopteridium  Macclellandi  has  been  found  in  the  Rijmahil 
group  of  the  upper  Gondwdnas.  The  character  of  the  flora  would  lead  us 
to  regard  it  as  homot£(xial  with  the  Rinfganj  group  or  possibly  newer. 

In  the  neighbourhood  of  Mingli,  a  small  deserted  village  lying  at 
the  northern  extremity  of  the  Wardha  Gondwina  basin,  about  fifty  miles 
south  of  Nigpur  and  thirty-five  north-west  of  Chandi,  some  quarries  have 
long  existed,  from  which  a  very  fine  red  and  yellow  sandstone  is  obtained 
and  employed  in  building,  chiefly  for  ornamental  purposes  and  for  carv- 
ings. The  stone  is  precisely  similar  to  that  of  Silewida  and  other 
typical  exposures  of  the  Kimthf  group,  near  Nigpur,  and  the  coarser 
associated  sandstones  of  Mingli  differ  in  no  way  from  the  ordinary  KcLmthi 
grits. 

>  Rtiords,  VIII,  113,  (1875).  •/>«/.  /wrfira, sericBxii,  HI  pt.  ii,  19,  (1880). 
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The  quarries  of  M^ngli  have  become  well  known  by  name  to  Indian 
geologists,  and  even  to  those  of  other  countries,  having  furnished  to 
Mr.  Hislop  the  first  Labyrinthodont  amphibian  fos*<il  {hrachiops  laiicefis) 
detected  in  India  '  They  have  also  yielded  a  species  of  Estheria  and  a 
few  plant  remains.  The  latter  are  so  poor  that  very  little  dependence  can 
be  placed  upon  their  determination.     One  is  believed  to  be  coniferous,  and 

has  been  referred  to  Palissya  ;*  another  is  a  stem  of 
a  fern.  1  he  species  of  Estheria  has  been  named 
E,  tnatjgaliensts  by  Rupert  Jones.'  A  smaller 
variety  closely  resembles  the  Estheria  found  in 
the  Panchet  group  of  Bengal  and  may  be  identical, 
but  the  identification  is  not  quite  certain,  as 
the  Pinchet  fossil  is  so  poorly  preserved  that 
Fig.  11.- Estheria  man f^ali-  some    of   the  Specific  characters,  depending  upoii 

rrist5,  Rupert  Jones  (enlarged  .  .1^,  r,i  tn  1 

3  diameters).  the  microscopical  tcxture  of  the  shell,  cannot  be 

ascertained. 


The  uppermost  beds  of  the  lower  Gondwdnas  in  the  Sdtpura  range  have 
been  distinguished  under  the  name  of  Almod  from  a  village  at  the  south 
base  of  the  Pachmarhi  escarpment.  The  rocks  consist  of  sandstones  with  a 
few  carbonaceous  shales,  from  which  no  fossils  have  been  obtained.  Their 
relations  to  the  groups  above  and  below  require  further  investigation.  No 
unconformity  has  been  traced  and  their  sole  importance  comes  from  their 
position  between  the  Mahidevas  and  Damudas,  and  the  consequent  pos- 
sibility of  their  representing  the  Pinchets  of  Bengal. 


The  term  Pelnchet  was  originally  applied  to  two  groups  of  beds  in 
the  Rdnfganj  coalfield.*  It  is  now  restricted  to  the  lower  of  these 
groups,  the  upper  P«[nchets  of  the  Ddmodar  valley  being  referred  to 
an  upper  Gondw'ina  age,  and  ascribed  to  the  Mahddeva  series.  The 
name  was  derived  from  an  important  zaminddri,  which  still  com- 
prises a  large  tract  in  the  southern  portion  cf  the  Rdnfganj  coalfield  and 
formerly  included  much  more,  and  the  same  name  is  that  of  a  large  hill, 
the  basal  portion  of  which  consists  entirely  of  Panchet  beds. 

The  great  mass  of  this  group  consists  of  thick  beds  of  coarse  felspathic 
and  micaceous  sandstones,  often  of  a  white  or  greenish  white  colour,  with 
bands  of  red  clay  from  a  few  inches  to  twenty  feet  in  thickness.  The  felspar, 
in  the  sandstones,  is  occasionally  undecomposed,  which  is  never  the  case  in 


'    See     Quart.  Jour.    Geol.   So:.,    X,    472, 

(185^,) ;  XI,  37,  ('855)- 

=  Feistmantel,  Records,  X,  26,  (1877).  The 
identification  seems  doubtful,  for  Sir  Charles 
Buiibury  suggested  the  possibility  of  the  same 


stem  belonging  to  the  Lycoiiodaceous  genus 
Knorria, 

^  Pal.  Soc.f  Mem.  Foss,  Esth.-riae,  p.  ;8, 
(1862). 

*  MemoirSt  III,  30,  126,  132,  etc.,  (1863). 
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the  Damudas.  Conglomeratic  beds  sometimes  occur  in  the  upper  portion 
of  the  group,  but  they  are  not  common.  At  the  base  of  the  group  grey 
and  greenish  grey  sandstones  and  shales  are  usually  found  in  very  thin 
beds,  and  often  highly  micaceous.  In  places  the  greenish  micaceous 
clays  are  met  with  higher  in  the  group. 

The  Pdnchet  rocks  are  distinguished  from  the  typical  Damudas  by  the 
presence  of  red  clay  and  the  absence  of  carbonaceous  shales,  and  by  the 
sandstone  being,  as  a  rule,  much  more,  micaceous.  But  rocks  of  the 
Pdnchet  character  are  found  in  parts  of  India  interstratified  with  the 
Damudas,  as  in  the  Motur  group. 

The  thickness  of  the  present  group  in  the  Delmodar  valley  nowhere 
exceeds  about  1,800  feet.  It  rests  with  slight,  but  distinct,  unconformity 
upon  the  denuded  sifrface  of  the  Rdnfganj  group,  and  in  some  places  the 
Pctnchets  completely  overlap  that  group  and  rest  upon  lower  beds, .  the 
unconformity  being  most  marked  in  the  Bokdro  coalfield.  Fragments  of 
coal  and  shale,  apparently  derived  from  the  Damudas,  have  occasionally 
breen  found  in  the  conglomerates  of  the  Pdnchet  group. 

The  most  important  remains  of  animals  hitherto  found  in  the  lower 
Gondwina  rocks  have  been  derived  from  the  Pdnchets,  In  the  upper 
portion  of  the  group  there  is,  in  the  Ranfganj  coalfield,  a  well  marked 
conglomeratic  band  containing  reptilian  and  amphibian  bones.  These  are 
isolated  from  each  other  and  sometimes  slightly  rolled  The  specimens 
obtained  have  been  examined  and  described  by  Prof.  Huxley  and  Mr. 
Lydekker^  and  comprise  the  following  forms,  besides  a  few  others  whose 
affinities  are  doubtful.  The  plants  were  described  by  the  late  Dr. 
Feistmantel.*  A  dagger  in  the  following  list  indicates  species  also  found 
in  the  Damudas: — 


ANIMAUA. 
Amphibia — 

Labvnnthodonlia — 

Gontoglyptus  longirostris, 

,9  huxleyi, 

Glyptogftaihus  fmgilis. 
Pachygonia  incurvata* 
Rbptilia— 

Dicvnodontia — 

Picynodon  orien  ta  lis, 
Ptychosiagum  {Ptycfiognathus)  orien 
tale* 
Dinosauria — 
Epicamopdon  (Anhistrodon)  indicus. 
Crustacea — 

Estheria  man^aliensis  (?). 


PLANT.€. 
Equisrtace^ — 

t  Schieoneura  gondioancnsis, 
t  Vertebraria  indica, 
FiLICES  — 

Peropteris^  concinna. 

Cyclop ieris  (?)  pachyrhnca, 

Thinn/eldin,  cf.  odontopieroides, 

Oleandridium,  cf.  stenoneuron* 

t  Glosscptei  is  communis, 
t  y,  indica, 

t  „  damudica. 

t  „  angusiifolia. 

Cycadbacejb — 
Scales. 

CONIFERJB  — 

t  Samaropsis,  cf.  parvuhu 


"  Pal.  Indica f   scries  iv.     Indian  pretertiary 
Vcrtcbrata. 


*  Pal  Indica,  serhs  xii,  HI,  pt.  ii,  pp.  51—56, 
(1880). 
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II._The  Uppkr  GondwAna  series. 

The  unfossiliferous  beds  of  the  lower  part  of  the  upper  Gondwdnas 
have,  in  the  more  recent  publications  of  the  Geological  Survey,  been 
generally  referred  to  under  the  name  of  Mahideva.  This  name,  first 
applied  to  the  sandstone  of  the  Pachmarhf  hills,^  was  subsequently  extend- 
ed so  as  to  comprise  all  the  beds  of  the  Sitpura  basin  above  the 
Damudas  of  the  lower  Denwa  valley,  except  the  Jabalpur  group,  and 
has  u'timately  come  to  be  a  convenient,  because  indefinite,  term 
to  apply  to  the  soft  sandstones  and  conglomerates,  of  obscure  strati- 
graphical  position,  seldom  containing  any  fossils  except  fragments  of 
carbonised  wood,  which  there  is  good  reason  to  believe  belong  to  the 
lower  part  ot  the  upper  Gondwinas,  though  they  cannot  be  assigned  with 
certainty  to  any  particular  horizon. 

The  MahcLdeva  rocks  consist  chiefly  of  very  thick  massive  beds  of 
coarse  sandstone,  grit,  and  conglomerate.  These  are  frequently  ferrugin- 
ous, or  marked  with  ferruginous  bands,  as  in  the  Kimthis.  They  are  asso- 
ciated with  clays,  and  occasionally  with  bands  of  impure  tarlhy  lime- 
stone. The  sandstones  form  high  ranges  of  hills,  and  often  weather  into 
vertical  scarps  of  great  height,  forming  conspicuous  cliffs  that  contrast 
strongly  with  the  black  precipices  of  the  Deccan  traps  and  the  rounded 
irregular  masses  of  the  more  granitoid  met  amorphic  rocks. 

In  the  typical  area  of  the  Sdtpura  region  the  Mahddeva  rocks  attain 
a  thickness  of  at  least  10,000  feet,  nine-tenths  of  which  consist  of  coarse 
sandstone,  grit,  and  conglomerate.  1  hey  appear  10  be  unconformable  to 
the  under lyingj  Damudas,  as  the  series  overlaps  the  upper  members  of 
the  lower  Gondwana  series. 

In  the  ScLtpura  region  the  Mahddeva  formation  has  been  subdivided 
into  three  groups, — the  Bigra,  Denwa,  and  Pachmarhf,— eachof  which  re- 
quires a  few  remarks. 

1  he  name  of  the  Pachmarhl*  group  is  derived  from  a  village  on  the  top 
of  the  hills  of  the  samename,  and  the  site  of  a  sanitarium.  The  group  con- 
sists of  massive  sandstone,  whitish  or  brownish  in  colour,  usually  soft,  often 
containing  small  subangular  pebbles,  and  occasionally  intersected  by  hard 
ferruginous  bands.  As  a  rule,  the  stratification  is  obscure,  oblique  lami- 
nation being  common,  and  the  different  beds  of  which  the  group  is 
composed  exhibit  great  irregularity  in  superposition  and  often  overlap  each 
other.  The  hard  ferruginous  partings  are  most  irregularly  interspersed 
throughout  the  mass,  usually  as  thin  beds,  though  not  always  perfectly- 
parallel  to  the  planes  of  stratification.  Sometimes  the  impregnation  with 
iron  is  confined  to  pipes  or  nodules.     Fragments  of  these  ferruginous  bands 

»  your.  As.  Soc.  Beng,,  XXV,  252,   (1856) ;    (     ■  Memoirs,  X,  155,  (1873). 
Memoirs,  II,  183,  315,  (i860). 
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are  often  scattered  in  quantities  over  ihe  surface,  and  serve  to  distinguish 
the  outcrop  of  the  Pachmarhf  group  from  those  of  the  underlying  beds.* 

The  Pachmarhf  group  comprises,  where  thickest,  8,000  feet  out  of  the 
10,000  found  in  the  Mahidevas  of  the  Sdtpura  hills. 

The  middle  group  of  the  Sitpura  Mahddevas  is  named  •  after  a 
stream  ^hich  rises  on  the  south  side  of  the  Pachmarhl  range  and, 
turning  round  the  eastern  end  of  the  ridge,  forms  its  northern  boundarj- 
throughout,  falling  finally  into  the  T4wa.  The  course  of  this  stream, 
north  of  the  Pachmarhf  hills,  is  the  area  of  the  Denwa  rocks,  which, 
presenting  a  marked  contrast  to  the  massive  Pachmarhf  sandstone,  arc 
principally  composed  of  soft  clays,  pale  greenish  yellow  and  bright  red, 
mottled  with  white  in  colour,  forming  thick  beds  interstratified  with 
discontinuous  and  subordinate  bands  of  white  sandstone,  and  very  rare 
courses  of  earthy  limestone.  The  sandstones  are  locally  conglomeratic. 
In  short,  in  mineral  character  the  Denwa  rocks  are  a  repetition  of  the 
Mottlr  group  in  the  middle  of  the  Damuda  series,  and  resemble  the 
Pdnchets  of  Bengal. 

The  thickness  of  these  beds  in  the  Denwa  valley  is  about  1,200  feet. 
They  appear  in  places  to  pass  into  the  underlying  group,  although  they 
are  quite  distinct  in  the  typical  area. 

The  Denwa  group  is  the  only  one  which  can  be  correlated  to  those 
of  other  parts  of  India  on  palxontolo^^ical  grounds.  Vertebrate  remains 
have  been  found  in  it,  and  more  abundantl)  in  south  Rewi,  which  show 
that  it  is  the  equivalent  of  the  better  known  Kota-Maleri  group  of  the 
Godivari  valley.  The  name  is  consequently  one  which  will  probably  drop 
out  of  use  as  the  relations  of  the  rock  groups  are  more  completely 
worked  out. 

The  uppermost  group  was  named  Bagra'  from  a  hill  fcrt  built  upon  it, 
where  the  river  Tawa  cuts  its  way  through  a  spur  of  the  Sdtpura  hills, 
south-east  o(  Hoshangdbdd.  It  is  largely  composed  of  conglomerates, 
often  coarse,  frequently  with  a  deep  red  sandy  matrix.  It  is  more 
calcareous  than  the  other  MahadeAa  groups,  and  bands  of  calcareous  sands 
and  clays  and  limestones,  sometimes  dolomites,  are  of  frequent  occurrence. 
The  group  is  very  irregular  in  composition.  The  greatest  thickness  does 
not  exceed  600  to  800  feet,  and  in  places  it  overlaps  the  Denwa  shales 
and  rests  directly  on  the  Pachmarhf  sandstones. 

The  generally  unfossiliferous  nature  of  the  MahAdeva  beds,  their  soft- 
ness and  case  of  weathering,  render  their  recognition  with  certainty  a 
matter  of  difficulty.  In  the  coalfields  of  the  Ddmodar  valley  some  soft 
pebbly  sandstones,  which  were  formerly  regarded  as  upper  Pdnchet,  are  now 

'  It  should  not  be    frrgottrn    that   similar  '  Afemoirs,  X,  153,  (1873). 

ferruginous  lajrers  are  found  in  the  Kimthfs.     |        *  MemoUSf  X,  150,  (1873). 
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regarded  as  very  probably  Mahidevas,  Their  lelations  to  the  underlying 
rocks  are  difficult  to  make  out,  the  junctions  being  greatly  obscured  by 
pebbles  and  detritus  derived  from  the  newer  grits,  but  there  appears  to  be 
some  unconformity. 

In  the  Tilcher  field  and  in  Chhatfsgarh  the  uppermost  soft  pebbly  sand- 
stones are  believed  to  be  Mahddevas,  but  have  not  been  coloured  as  upper 
Gondwdnas  on  the  accompanying  map,  as  their  age  has  not  been  satisfac- 
torily established,  and  the  outcrops  are  small. 

MahcLdeva  sandstones  are  found  in  the  Narbadd  valley,  running  out 
from  under  the  scarp  of  the  Deccan  trap  at  B^rwai,^  and  further  west 
certain  sandstones,  underlying  the  cretaceous  of  the  Narbadi  valley,  are 
probably  of  Mahideva  age,  but  as  they  have  been  held  to  be  cretaceous 
the  question  of  their  age  will  be  discussed  when  dealing  with  that 
system.* 


In  the  Rdjmahdl  hills  the  lower  Gondwdnas  are  overlaid  by  a  thick 
band  of  coarse  sandstone,  which  was  at  first  associated  vvitii  the  overlying 
beds,  but  has  since  been  separated,  as  it  is  unconformable  to  them.  It  is 
lithologically  very  similar  to  some  beds  in  the  Damodar  valley,  which  arc 
believed  to  be  of  upper  Gondwina  age,  and  possibly  is  a  representative 
of  them. 

The  Dubrdjpur  group,  as  this  band  of  sandstones  and  conglomerates 
is  called,  takes  its  name  from  a  village^  in  the  RcLjmahcLl  hills,  situated 
about  forty  miles  north  by  east  of  Suri,  The  component  beds  are  sand- 
stones of  several  varieties,  grits  and  conglomerates,  for  the  most  part  ferru- 
ginous. Fine  grained  beds  are  not  common,  although  shaly  sandstones 
are  occasionally  met  with.  Most  of  the  coarser  beds  are  ferruginous,  and 
one  form  of  conglomerate,  of  frequent  occurrence,  consists  of  quartz 
pebbles  in  a  ferruginous  matrix.  A  precisely  similar  bed  is  found  in  the 
supposed  Mahddeva  beds  of  the  Dimodar  valley. 

Along  the  western  scarp  of  the  Rdjmahal  hills  the  rocks  of  the  Uubrajpur 
group  rest  partly  upon  the  Damudas  and  partly  upon  the  metamorphic 
rocks,  the  Damudas  (Barikars)  being  repeatedly  overlapped  by  the 
Dubrijpur  beds  in  a  manner  which  shows  the  two  to  be  quite  unconform- 
able. The  greatest  thickness  of  the  Dubrdjpur  group  in  the  Rdjmah^larea 
does  not  exceed  about  450  feet.  Some  specimens  of  a  cycadeaceous  plant 
(Ptilophyllum)  were  once  found  near  the  southern  extremity  of  the  hills 
in  the  uppermost  beds  underlying  the  Rajmahal  trap,  but  there  is  some 
little  doubt  as  to  whether  the  fossiliferous  band  may  not  belong  to  :he 
R^jmahil  series  itself. 

^^^Torrfs,  VIII,  73,  (1875).  ^  Pal.   Indica,    series   ii,   I,   I.   (1863); 

>  Infra,  p.  253.  Memoits,  XIII,  198,  (1877). 
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The  Rijmahjl  series  derives  its  name  from  a  range  ot  liills  in  Bengal, 
exteii<:l  irig  north  and  south  from  the  Ganges  to  the  nei3;libourhood  of 
Suri  in  Birbhijm,  and,  unlike  the  otlier  members  of  the  Gondwdna 
systc!  m  is  confined  to  the  neighbourhood  of  the  eastern  margin  of  the 
liidiata  Peninsula.  Some  species  of  fossil  plant?,  identical  with  Rijmahil 
forms,  ti^ve  been  found  in  other  localities,  but  they  are  either  isolated,  or 
associ^'fcc:d  with  plants  belonging  to  a  different  flora. 

Iti  it-s  typical  locality  the  kdjniahil  ?roup  of  the  Rijmahil  series  con- 
sists of  SL  succession  of  basaltic  lava  flows  or  traps  with  interstratiti  cat  ions 
ol  shal^  and  sandstone.  The  sedimentary  bands  are  held  to  have  been 
deposi  t  ^<j  in  the  intervals  of  time  which  elapsed  between  the  volcanic  oul- 
buists,  t>y  the  circumstance  that  the  different  bands  of  shale  and  sandstone 
differ  Cir«>in  each  other  in  mineral  character, and  also  that  the  upper  surface 
of  the  £s  lialy  beds  has  sometimes  been  hardened  and  altered  by  the  contact 
<Dverlying  basalt,  whilst   the  lower  surface  is  never  aficcled.     'Ihe 


of  the 
sedini « 


carl.o« 


L  tary  bands  are  chiefly  composed  of  hard 


ditte  i 


lid  grey  shale, 


Kzreous  shale,  while  and  grey  sandstone,  and  hard  quartiose  grit. 


V 


Fig.  I2.-Radialing  coLmnar  tt«p,  Rijmahil  hitls. 

^^    trap  recks  are  all  dark  coloured  doleriies.    They  vary  in  character 

(rom     a.     fine  grained,  very  tough  and  hard  rock  (anamesite),  ringing  under 

t\^e  "^rr»mer.  and  with  the  edges  of  its  fracture  almost  as  sharp  as  those 

o\   3-    *liiartzite,  to  a  comparatively  soft,  coarsely  crystalline  basalt.     The 

\aU«^r   Visually  contains  olivine  in  large  quantities.     M-.ny  of  the  trap  rocks 

'?"•*»-,      A,.    ,W.    Beni..     XXIII,      263.   !  20j,  (1E77)  ;  P-t(.  /«J.,  ser-cj -m.  1.  t,  (1863). 
(,1*5* >  ;      Atf«:o-r,.    11,    513,     (1863);    Xlll 
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are  amygtialoidal,  the  enclosed  nodules  usually  containing  some  form  of 
quartz,  either  agate,  chalcedony,  or  rock  crystal.  Occasionally,  but  less 
frequently,  zeolites  are  found,  stilbite  being  the  commonest,  natrolite  less 
abundant,  and  analcime  has  also  been  detected.  It  is  not  usual  to  find  the 
cavities  lined  with  green  earth,  as  is  so  frequently  the  case  amongst  the 
amygdaloids  of  the  Deccan  trap.  The  basaltic  flows  above  the  sediment- 
ary bands  are,  as  a  rule,  compact. 

Very  little  light  is  thrown  on  the  source  of  the  basaltic  rocks  by  any 
observations  within  the  Rijmahil  area.  Dykes  are  rare,  and  there  is  only 
one  instance  known  of  an  intrusive  mass  which  may  mark  the  site  of  an 
old  volcanic  outburst.  This  is  about  22  miles  south  south-east  of  Colgong 
on  the  Ganges,  close  to  a  place  called  Sfimra,  where  a  group  of  small  coni- 
cal hills  occurs,  composed  of  pinkish  trachyte,  porphyritic  in  places,  and 
surrounded  by  Damuda  rocks.  The  surface  of  the  ground  is  much  ob- 
scured by  superficial  deposits,  but  there  appears  good  reason  for  suppos- 
ing that  the  core  of  a  volcanic  vent  is  here  exposed.  It  appears  not  an 
unfrequent  occurrence  that  the  later  outbursts  from  a  volcano  are  more 
silicious  than  earlier  eruptions,  and  that  a  volcanic  core,  even  when  the 
lava  flows  have  been  doleritic,  should  itself  prove  trachytic,  when  exposed  by 
denudation.  This  may  be  due  to  the  solution  of  the  highly  silicious  meta- 
morphic  rocks  through  which  the  outburst  took  place  by  the  molten  lava 
remaining  in  the  fissure  after  the  eruption,  and  the  consequent  conversion 
of  that  lava  from  a  basic  into  an  acid  rock. 

Trap  dykes  and  intrusions,  believed  to  be  of  Rijmahil  age,  are 
abundant  in  the  coalfields  of  the  Ddmodar  valley,  and  both  dykes  and  cores 
of  basalt  are  common  in  the  portion  of  Birbhiim  lying  south-west  of  the 
Rijmah^l  hills  It  is  possible  that  the  principal  vents  lay  in  this  direction, 
or  they  may  have  been  in  the  region  now  covered  by  the  Ganges  alluvium. 
The  difficulty  of  determining  the  original  source  of  eruptive  rocks  will  be 
again  illustrated  in  the  case  of  the  Deccan  traps.^ 

The  bedded  basaltic  traps  of  the  Rijmahil  hills,  with  their  associated 
sedimentary  beds,  attain  a  thickness  of  at  least  2,000  feet,  of  which  the 
non-volcanic  portion  never  exceeds  100  feet  in  the  aggregate.  They  rest 
with  general  parallelism  on  the  grits  and  coarse  sandstones  of  the 
Dubrijpur  group,  but  nevertheless  several  instances  of  overlap  take  place, 


*  Some  doubt  still  attaches  to  the  deter- 
mination of  the  true  age  of  the  R^jmahdl 
traps.  Detailed  examination  has  shown  that 
a  close  lithological  resemblance  exists  be. 
tween  them  and  the  Deccan  traps ;  Records^ 
XX,  104,  (1887);  XXII,  236.  (i889).  This 
iH  not,  however,  in  itself  sufficient  to  prove 
their  contemporaneity.  On  the  other  hand 
the  esjmination  of  the   stratigraphical  rela- 


tions of  these  traps  in  the  6eld  cannot  be  said 
to  have  been  so  close  as  to  preclude  the  pos> 
nihility  that  the  supposed  interbedded  traps 
are  really  intruded  along  the  planes  of  bed- 
ding. The  correlation  of  the  R^jmahdl  traps 
with  the  Sylhet  traps  is  an  important  point, 
as  (if  it  is  correct)  the  former  must  be 
older  than  the  Deccan  trap  period. 


'  ti^liFt^'i  h  ^^nt«d  feL 
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and,  in  one  locality  at  least,  there  is  evidence  of  the  Dubrdjpur  beds  having 
been  denuded  before  the  deposition  of  the  Rdjmah^I  group. 

From  the  extent  of  the   area  throughout  which  these  dykes  are  de- 
veloped, conclusions  may  be  drawn  as  to  the  original  limits  of  the  volcanic 
action  coincident  with  the  period  of  deposition  of  the   Rdjmahil   group. 
The  number  of  trap  dykes  gradually  diminishes  in  the  coalfields  of  the 
Dimodar  valley  from  east  to  west,  until  finally,    \n    the  Karanpur^  field 
south-west  of  HaziribAgh,  volcanic  intrusions  disappear  almost  entirely, 
and  none  appear  to  be  known  further  west,  until  basaltic  dykes  of  different 
age,   which    apparently     are     contemporaneous    with    the    much   newer 
Deccan    trap,   make  their  appearance.     Outside    of   the   coalfields   it   is 
difficult  to  distinguish  the  dykes  belonging  to  the   R^jmahal  period  from 
older  eruptions,  but  there  is  not  the  same  abundance  of  extensive  basaltic 
intrusions    in  southern   Monghyr,    Hizaribigh.   and  Chutii  Ndgpur  as  in 
Birbhum.     So  far  as  can   be  judged,  the  region  immediately  north  of  the 
Kanfganj  coalfield  was  one  of  the  foci  of  eruption   and  it  is  far  from  im- 
probable that  the  bedded  traps  of  the  Rijmahal  hills  had  originally  a 
considerable  extension  to  the  south-west  and  south,  though,  as  no  single 
outlier  has  been  preserved,  it   is  impossible  to  feel  sure  of  the  inference. 
There  is,    however,    considerable   probability  that  a  large   tract   in   the 
Damodar  valley,  including  the  whole  Rinfganj  field  may  have  been  once 
covered  with  bedded  traps. 

The  great  difference  of  age  between  the  Rijmahil  group  on  the 
one  hand  and  all  the  lower  Gondwina  rocks,  including  the  Damudas 
and  Pdnchets,  on  the  other,  is  well  illustrated  by  the  change  in  the 
flora  and  by  the  very  much  greater  amount  of  disturbance  to  which  the 
Damuda  rocks  have  been  subjected.  The  Rijmahil  traps  are  almost 
horizontal,  and  no  faults  have  been  observed  in  them,  while  the  dylces 
which  abound  in  the  Rinfganj  field,and  are  almost  certainly  of  Rdjmahil 
3ge»  are  newer  than  the  faults  of  the  coalfield. 

By  far  the  greater  part  of  the  RAjmahiil  fossils  have  been  obtained 
from  two  bands  of  fine  grained  whitish  or  greyish  shales — the  upper  25 
to  30  feet  thick,  the  lower  10  to  15, — separated  from  each  other  by 
lava  flow,  and  having  other  beds  of  trap,  with  intercalations  of  sandstone 
and  shale,  above  and  below. 

'^e  following  is  a  list*  of  those  hitherto  described  from  this  group  :— 

EaU«RTACB«—  FlUCES,—COfttd, 


^^iseium  rajmahaUnse* 
FlUCKs 

^«  lij»t  is  taken  from  O.  Feistmantel, 
Pfli. /ndica,  series  ii,  I,  143,  (1877).  In  the 
<=*sco{  Thinnfeldia  salicifolia,  Dietyozamites 
hUatut   and    Echinostrobus     indicus,    the 


Sph^nopteris  hislopi. 

„  membranosa. 

Dicksonui  bindrabtinensis, 

original  s^cific  names  have  be?n  restored  in 
place  of  P.  ind'ica,  D.  indicus  and  E.  mi- 
mahalensis,  as  there  does  not  seem  to  be  sufTi- 
cient  reason  for  the  change. 

N 
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FiLiCBS — contd 

Hym  *nophyllit:s  bunbitryanus. 

Cyclopteris  olihnmi. 

Thinnftldia  salicifoUa. 

Alethopteris  indica. 

Asplenites  macrocarpus, 

Pecopteris  Jobatu 

Cleichenin  bin  itabtinensis. 

Angioptrridium  macclellandt.  ' 

gfiathulattim. 
ensis. 

M(ici'oi(pniopteris  lita. 

crassinervis, 

avatn. 

marrisi. 


If 


»« 


t> 


t9 


»* 


>t 


t* 


DarupQpsis  rajmahnlensis. 
Cycadeace^— 

Pterophyllum  distant^ 

c  arte  rin  num. 
tnorristanum, 
medlicottia  n  ti  m, 
princeps* 
crassum. 


99 
99 
99 


ty 


C  Y  C  AD  EAC  E  «  — ca/f/«. 
Pterophyllum  rajmahalense* 
„  fissum. 

„  cf.  propinquitm. 

Zamites  proximus. 
Ptilophyllum  acuiifolium. 

„  ciitcnens\ 

Otosa  mites  bengal  en  >is. 
abbreviatus, 
oldhami. 
Dfctyosamite^  folcatus. 
Cycadifes  confer  tits, 

„         raj  mail al ensis. 
Cy  cadi  nor  arp  us  raj  ma  h  n/ ensis. 
Williamsonia  mi  crops. 
Ptilophyllum  cf.  W.  gij^as. 

Conifers — 
Palissya  indica. 

n        conferta, 
Chirolepis  gracilis. 
Cun ninghamites  dubiosu s. 
Echinostrobus  indicus. 


The  first  thing  which  must  strike  any  one  in  looking  over  the  above 
list  is  the  great  change  in  {orms  of  life  between  the  upper  and  lower 
Gondw^na  series,  so  far  as  we  are  yet  acquainted  with  them.  It  is 
highly  probable  that  intermediate  beds  may  hereafter  be  found,  but  for  the 
present  there  seems  to  be,  in  Bengal  at  least,  just  as  great  a  break  in  the 
flora  as  in  the  stratigraphy*  The  most  striking  distinction  is  that  the 
prevalent  forms  in  the  lower  Gondwinas  are  Equiseiaceae  and  ferns  of  the 
Glossopteris  type,  Cycadeacex  being  rare,  whilst  in  the  upper  Gondwanas, 
and  especially  in  the  Rijmahil  group,  Cycadeacex  prevail,  their  individual 
abundance  being  so  great  that  they  frequently  form  the  mass  of  the 
vegetation  In  fact,  the  cycads,  and  especially  Ptilophyllum  acuiifolium 
are  just  as  abundant  and  characteristic  in  the  Rijmahdl  group,  as 
Glossopteris  and  Vertebraria  are  in  the  Damiidas. 

The  Rajm^hdl  beds  are  represented  along  the  east  coast  by  a  series  of 
small  outliers,  most  of  them  too  small  to  deserve  detailed  notice  here,  which 
are  interesting,  as  they  appear  to  comprise  some  rock  groups  of  later  age 
than  the  RijmahSl,  and  contain  marine  fossils  associated  with  the  plants. 

The  most  northerly  of  these  is  the  Athgarh  basin,  a  tract  of  sandstone, 
some  twenty  miles  long  from  north  to  south,  and  eighteen  miles  from  east 
to  west  close  to  the  town  of  Cuttack,  on  the  western  margin  of  the  alluvial 
plain.  Some  carbonaceous  shale,  occurring  in  the  lower  portion  of  the 
sandstones,  has  been  supposed  to  indicate  the  presence  of  Barakar  beds, 
but  no  Damuda  fossils  have  been  found.     The  relations  of  the  remaining 
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part  of  the  rocks  are  very  obscure,  and  they  were  believed  to  be  of  KcLmthi 
age  till  the  discovery  of  characteristically  R^jmah^l  fossils  in  them.* 

On     the     right     bank     of      the      Godivari,     near   Thalapudi,    about 
tea     miles   above   R^jimahendri,  a  well  marked   belt  of  upper  Gond\v5na 
beds    commences,  which  extends  for  sixty  miles,  from  the  God^vari  to  be- 
yond Golapilli  west  of  Ellore.      The  width  of  this  belt  varies  from  ten  to 
fifteen  miles.     There  is  a  general  dip  to  south-east  or  east-south-east  at  5^ 
to  10°,  and  the  beds  rest  unconformably,  throughout  a  considerable  portion 
of   their   area,    upon  various  members    of   the    Kimthf   group,    but  they 
overstep    this   group,   both  to    the  east  and  west,  and  rest  upon  a  sloping 
floor  of  gneiss,  which  has  the  appearance   of   a   plane  of  marine  denu- 
dation   formed  after   the   deposition   of  the  Kimthf    rocks,  as    the  latter 
rest    upon    a  much  more  uneven  surface  of  the  metamorphic   formations. 
This    appearance    of  resting  upon   a   surface    which  had  been  fashioned 
by    denudation  after  the   deposition  of  the  lower  Gondwdna  beds,   quite 
agrees  with  the    peculiar   distribution    of    the    Rijmahdl    group   and  its 
associates,    which  evidently   were    accumulated    in    a  distinct   area  from 
that    in  which  the  Gondwina  beds  of  the  Godivari  valley  were  deposited. 
To  the  south-east  the  upper  Gondwina  beds  of  the  Ellore  area   disappear 
beneath     the    Cuddalore    sandstones    and    the  alluvial    deposits    of     the 
Goddvari   delta,  except  west  of  RcLjimahendri,  where  the  Gondwdnas  are 
covered  by  outliers  of  the  Deccan  traps. 

The  rocks  of  the  Ellore  area  are  peculiarly  interesting,  because  they 
appear  to  contain  representatives  of  groups  higher  than  the  Rijmahdls, 
associated  with  beds  in  which  the  typical  Rdjniahil  flora  is  well  preserved. 
'-^'".  King,  w^ho  surveyed  the  rocks  of  the  God<(vari  district,  classed  the 
"Pper  Gondwina  beds  in  three  subdivisions,  thus  distinguished  in  de- 
scending order  :«  ,    ^ripetty  sandstones. 

2.  Ragavapuram  shales. 

3.  Golapilli  sandstones* 

The  GolapiPi  sandstones  consist  of  brown  and  red  sandstones  and 
conglomerates  which  form  a  broad  plateau  near  Golapilli,  capped  by 
conglomerates  and  gravels,  probably  belonging  to  the  Cuddalore 
sandstones. 

The   following   plant  fossils   have  been   obtained   from   the   Golapilli 


P*>-tCBS— 

Alethopteris  ittliictu 
Pecopteris  macrocarf>a» 


FiLiCES,-  contd, 

Angiopteriditttn  east's, 

,9  spathulatum. 


P'eistmantel,  Reeord^^  X,  68,  (i   77);  Pal.     I       *  Records,  X,  56,  (1880)  ;    Memoirs,     XVI, 
^"^'•^a.seiies  xii.  I,  187,  {1879).  211,  (1889). 


•  PaL  Indica,  se.ies  ii.  I,  i6j,  (1877). 
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Cycadeacbm  — 

Piilophyllum  aeutifolium, 

,f  cutchense, 

Dicty 08a mites  indicus, 
Pierophyllum  morrisianum, 
carteriantim, 
ki^gianum, 
distans. 


»% 


>p 


MVilKamsonia  gigts, 

CONll'BR^  — 

Pidissya  confer  fa. 

„        t'niicii. 
Cheirolepis,  cf .  muensten, 
Araucarites  macro^terus. 


Atl  the  above,  with  the  exeptian  of  Ptsrophyllum  kinginnum,  the 
Cheiroiepis  and  Araucarites  viacropterus  are  characteristic  R^jmahdl 
forms. 


Resting  upon  the  Golapilli  beds,  in  the  neighbourhood  of  EUore,  there 
is  found  a  thin  band  of  white  and  buff  shales,  having  a  few  interstratiBca- 
tions  of  sandstones  towards  the  base,  not  more  than  loo  feet  thick.  No 
unconformity  has  been  detected  between  these  shales  and  the  GolapiMi 
sandstones,  but  there  appears  to  be  some  difference  in  the  flora,  for,  while 
the  plants  of  the  Golapilli  standstones  are  all  Rdjmahdl  forms,  except  a 
few  species  peculiar  to  the  beds,  the  flora  of  the  overlying  shales  com» 
prises,  in  addition  to  several  forms  common  to  the  beds  below,  a  few 
species  allied  to  Jabalpur  plants.  The  shales  have  been  called  Ragava- 
puram,  from  a  village  situated  about  twenty-six  miles  north-north*east  of 
Ellore.  A  list  of  the  plants  will  be  found  in  the  tabular  statement  on 
page  183. 

With  the  plants  are  some  marine  shells,  chiefly  casts,  amongst  which 
are  some  Ammonites^  apparently  allied  to  middle  Jurassic  species,  the 
principal  form  being  near  A.  opis^  but  distinguished  by  having  the  ribs 
simple  throughout.  A^  opts  belongs  to  the  subgenus  Stephanoceras^  and 
to  the  group  of  A,  macrocephalusy  and  is  found  in  the  Chiri  and  Katrol 
beds  of  Cutch  (callovian  and  oxfordian).  Besides  the  ammonites,  Leda% 
Pecietty  Gervillia,  etc.,  occur,  the  Leda  being  especially  common  and 
characteristic. 

Above  the  shales  just  noticed  there  is  another  thin  band  of  dark  brown 
and  red  sandstones  and  conglomerates,  chiefly  ferruginous,  with  silicious 
and  argillaceous  bands,  and  beds  of  concretionary  clay  ironstone  named 
from  a  pagoda  called  Chinna  (little)  Tirupati  (Tripetty),  which  stands 
upon  a  scarp  composed  of  them,  about  twenty  miles  north-north-east  of 
Ellore.  Towards  the  bottom  these  sandstones  become  softer  and  less 
ferruginous.  In  the  main  area,  near  Ellore,  these  Tripetty  beds  are  only 
40  feet  in  thickness. 

The  Tripetty  beds  in  the  main  area  have  only  yielded  fossil  wood, 
but  from  some  outlying  patches,  near  Innaparazpcllayim  about  twenty-four 
miks  north  by  east  of  Coconida,  supposed  to  belong  to  the  same  band,  Dr. 
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Kit\g  obtained  two  Tri^oni^, —  T.  5wm  and  T.  ventricosay — both  of  which 
arc   otiaracterij/tic  of  the  Umia  beds  of  Cutch. 

The  sequence  of  upper  Gondwina  beds  in  the  neighbourhood  of  Ellore 
is   "very  instructive*     The  whole  series  rests  unconformably  on  the  Kimthis 
(lower  Gondwina),  and  although  the  whole  tliickness  of  the  upper Gond- 
w^ii^i  series  is  trifling,  apparently  not  exceeding  200  or  300  feet,  it  com- 
prises representatives  of  the  Rijmahil  and  Umia  groups,  and  of  an  inter- 
mediate formation.  Yet  these  thin  bands  exhibit  no  marked  unconformity. 
The  middle  group  is  overlapped  at  both  ends,  it  is  true,  but  there  is  no  sign 
of  SLny  important  break.     It  is  clear  that  the  country  must  have  undergone 
very   little  disturbance  in  the  intorval  between  the  deposition  of  the  differ- 
ent g^ronps,  and.  judging  from  this  instance,  it  is  impossibi:*  to  argue  from 
the  small  amount  of  discordance  between  successive  subdivisions  of  the 
Gonc]\\£na  series,  that  the  period  of  time  which  elapsed  between  the  differ- 
ent g^roups  was  of  small  amount.     No  notice  would,  in  all  probability,  have 
been    taken  of  the  distinctions  between  the  different  beds    at    Ellore,  but 
for  the  fossils,  and  many  similar  subdivisions  might  be  practicable  in  such 
groups  as  the  Kimtht  or  Pachmarhf  if  the  stiata  were  fossiliferous. 


South  oL  the  Kistna  river  Mr.  Foote  has  detected  a  threefold  division 
of  the  Gondwina  beds,  similar  to  that  of  the  Ellore  region,  and  has  distin- 
guished the  groups  seen  near  Ongole  as  follows  :— ^ 

3.  PAvulur  sandstones. 
2.  Vemivaram  shales 
U  Budavada  sandstones. 

Besides  numerous  remains  of  marine  organisms,  not  yet  determined, 
^'h>crh  have  been  obtained  from  the  two  lower  groups,  the  Vemivaram 
sha^l^s  have  yielded  a  tolerably  rich  flora  of  a  type  similar  to  those  of  the 
^^g^vapuram  and  Sripermatur  groups.  To  avoid  needless  repetition  of 
nam^s  and  to  exhibit  more  clearly  the  relationships  of  the  flora  of  these 
S^^ups,  they  have  been  combined  in  the  tabular  statement  on  page  183,  froui 
^'hicrh  it  will  be  seen  that  nearly  half  the  Ragavapuram  species  are  also 
*<^Und  in  the  Vemivaram  beds,  and  that  the  relationship  of  the  floras  to 
thofs^  of  the  Rdjmahal  and  Jabalpur  groups  is  very  similar  in  each  case. 
*^  is,  therefore,  tolerably  certain  that  the  similarity  of  grouping  of  the  beds  in 

the   two  areas  is  not  merely  accidental,  but  that  the   three  groups   in  each 

'^^K'on  are  respectively  equivalents  of  each  other. 

The  only  Vemdvaram  fossil,  apart  from  the  plant  remains,  which  has  been 

"^t^rmined,  is  a  macruruus  crustacean  regarded  by  Dr.  Feistmantel '  as 


l-a^^moiv*.  XVI,  69.  (.880). 

'^«*o»</*,  X,  193,   (1877).    The  locality  is 
•*nfc  ^iven  by  mistake  as  Sripermatur*     The 


correct  locality  is  given  by  Mr.  Fooir  in  M$* 
moirs,  XVI,  63,  (1879). 
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probably  identical  with  the  liassic  Eryon  harroviensis.  There  are,  however. 
some  important  differences  which  make  the  specific  identity  of  the  two 
forms  doubtful. 

The  upper  Gondw^na  beds  near  Madras  are  divided  into  two  groups,' 
the  lower  of  which  has  been  named  from  Sripermatur,  a  town  25  miles 
west-south-west  of  Madras  and  a  well  known  locahty  for  fossil  plants. 
The  group  is  composed  of  white  shales,  containing  plants,  associated  with 
sandstones,  grits  and  micaceous  sandy  shales.  Corglomerates  occur,  espe- 
cially towards  the  base,  where  they  are  coarse  and  occasionally  contain 
boulders  of  great  size,  but  all  the  conglomerates  are  loose  in  texture  and 
not  compact.  A  boring  recently  put  down  at  Place's  garden  near  Madras 
has  penetrated  beds  of  carbonaceous  shale,  overlapped  at  the  surface, 
which  have  raised  hopes  of  finding  v»'orkable  coal.  It  is  not  at  present 
known  whether  these  belong  to  an  outlier  of  the  lower  Gondwinas  or  not. 

It  is  in  the  Sripermatur  shales  that  the  fossils  of  the  group  are  found. 
They  consist  of  both  animals  and  plants.  The  shells  are  ill  preserved  and 
have  not  been  determined.  They  comprise  two  or  three  species  of  Am- 
monites and  several  lamellibranch  bivalves.  Ihe  Cephalopoda  yc^r^  regard- 
ed by  Dr.  Waagen  •  as  resembling  neocomian  rather  than  Jurassic  forms, 
but  the  species  cannot  be  determined,  owing  to  the  poor  state  of  preserv- 
ation, too  much  weight  must  not  be  attached  to  the  opinion,  though 
it  is  of  interest  in  connection  with  the  resemblance  between  the  Rdjmah^l 
series  and  the  Uitenhage  series  of  South  Africa,  now  regarded  as  neo- 
comian in  age.  The  occurrence  of  Irigonia  smeei  Sind  T,  ventricosa,  both 
South  African  Uitenhage  species  in  the  outlier  north  of  Coconad.i,  has 
already  been  mentioned,  and  it  is  not  necessary  to  make  any  further  refer- 
ence to  this  subject  here,  as  it  will  be  more  fully  treated  of  in  the  next 
chapter. 

The  Sripermatur  group  is  overlaid  by  a  set  of  beds  of  coarse  compact 
conglomerate,  with  intercalated  sandstones  and  grits,  which  have  been  dis- 
tinguished as  the  Sattav^du  group,  from  a  series  of  moderately  elevated 
ridges  of  the  same  name,  lying  about  thirty-five  miles  north-west  of  Madras. 
Only  imperfectly  preserved  plant  remains  have  been  obtained  from  the 
Sattavedu  beds.  The  junction  with  the  Sripermatur  beds  is  ill  seen,  the 
groups  appear  to  be  conformable,  and  it  is  doubtful  whether  there  is  suffi- 
cient justification  for  the  separation  of  the  upper  beds  as  a  separate  group. 

The  upper  Gondw^nas  of  the  Trichinopoli  district  occur  as  narrow 
outcrops  along  the  western  edge  of  the  cretaceous  beds,  which  they  se- 
parate from  the  gneissose  rocks,  being  quite  unconformable  to  both.     1  he 

*  Memoirs  X,  64,  (1873).  |  »  Pal,  Indica,  leries  ix,  p.  236,  (1875). 
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TrwAular  Siatemeni  showing  {he  distribution  of  the  fossil  plants  of  the 
/^aoavapuram,  Venidvaram,  Sripermatur  groups,  and  Utalur  beds 
o/^  the  Rajmahal  series} 

C'^'  Signifies  Hiat  the  species  is  also  foimd  in  the  Rij  nahaJ  group*  in  the  Jabalpur  group. 


Tkinnfetdia  subltigona  • 
Di<hopt€fis  ellorensis 
•    Alethopteris  whitbyensus 
u  indie  a 

Pecopterit  revrrsa 
i"   Angioptetidium  spatkulatum 

macclellandi 


•I 


If 
>» 
>» 
II 


"t*    Macrotceniopteris  otaia  (/*) 

Ano moBa mites  jung ens   . 
„  lindleyanus 

"f"  .,  fissus 

Pier  ophy  Hum  /oetea  n  urn 
"t"  Zaniites  proximus 
•   Podozangites  ianceolalus 
"t"  Otoaamites  abbteviatus  . 
„  rarinervis 

bunbufyanus 
hislopi  , 

parallel  us 
acutifolius    • 
angustatus    . 
-f"  Ptilophyllum  acutifolium 
"f  „  CuUhense  . 

"t  Dicfyo»amilrs  indicus    , 
Cycaditts  consir ictus 

"t"  Palissya  conferta  . 

"♦        I,         indie  a 
•        „        jabalpurensis 
Ar audi  rites  eutchensis    . 
„  macropterus 

fachypkyllum  peregrinum 
„  heierophyilum 

t  Eehinostrobus  rajmahahnsis 
ti  tkombicus 

Taxites  tenerrimus  . 

„         planus 
Gingko  crassipes    . 


a 


^ 
^ 
^ 


^ 
^ 


^ 


^ 
^ 
^ 


€9 


•48 


^ 


^ 


•  •  • 

•X- 
•X- 
•X- 

•  •• 

■X- 
■X- 
•X- 
•X- 
■X- 
■X- 

•  •  ■ 

•X- 

•x^ 

•X- 
•X- 


•X- 
•X- 

•X- 
•X- 


•  •  ■ 


E 


•X- 


■X- 

•  •  • 


•X- 


•X- 

•x^ 

•X- 


•X- 

•X- 
•X- 


•X- 
■X- 


•  •  • 


•x- 

•X- 

•x- 

•X- 


? 


*  Pal,  Ir.dicOf  series  ii,  I,  199,  (1879). 
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most  important  of  the  outcrops  is  that  near  Utatur,  and  the  rocks  consist 
chiefly  of  soft  sandy  clays  and  micaceous  shales,  with  sandstones  and  a 
coarse  conglomerate  of  rounded  gneiss  pebbles  at  the  base.* 

The  Utatur  outcrops  are  the  most  southerly  known  to  be  of  GondwAna 
age,  but  Mr.  Foote  has  recorded  some  exposures  of  shales  and  conglomer- 
ates in  the  Madura  district  which  closely  reseniblc  the  beds,  of  the  coastal 
Gondwanas.  No  fossils  were,  however,  found,  so  the  identification  is  not 
fully  established. 

Reference  has  already  been  made  to  the  resemblance  between  the  floras  of 
the  Ragavapuram,  Vemdvaram.Sripermatur  groups,  and  of  the  Utatur  out- 
crops and,  to  save  repetition,  a  separate  list  of  fossils  has  not  been  given  in 
each  case,but  the  whole  united  in  the  tabular  statement  on  the  previous  page. 
From  this  it  will  be  seen  that  not  only  are  there  a  certain  number  of  forms 
common  to  two  or  more  of  the  groups,  but  that  in  each  case  the  flora  is 
characterised  by  a  large  proportion  of  Rijmahcil  species,  and  a  much  smaller 
proportion  of  forms  that  are  only  known  from  the  Jabalpur  and  Umia  groups. 
Apart  from  the  presence  of  Jabalpur  species,  and  species  peculiar  to  these 
outliers,  their  flora  is  distinguished  from  the  true  Rijmahcil  flora  by  the 
absence  of  broad  leaved  Tasniopteridece^dmi  the  greater  abundance  of  certain 
forms,  such  as  Ancrtopteridium  spathulatum  and  Dictyozamites  indica^ 
which  though  represented  in  the  R^jmah^l  beds,  are  found  only  in  a 
snialler  proportion.'  The  presence  of  the  genus  Macrotasniopteris  in  the 
Utatur  beds,  and  the  smaller  proportion  of  purely  Jabalpur  species,may  show 
that  they  are  nearer  in  age  to  the  Rajmahil  group  than  the  others,  but, 
with  this  possible  exception,  we  may  take  the  groups  as  being  at  any 
rate  approximately  of  the  same  age,  intermediate  between  that  of  the 
K^jmahil  and  Jabalpur  groups,  as  is  shown  in  the  tabular  statement 
on  page  156. 


In  the  Godivari  valley  the  principal  representatives  of  the  upper  Gond- 
wdnasare  the  Kotaand  Mal^ri  groups,  more  commonly  referred  to  as  the 
Kota-Mal^ri  group,  the  name  being  derived  frodi  those  of  two  villages 
long  known  to  Indian  geologists,  the  former  by  the  discoveries  of 
fish  teeth  and  fossil  fish  by  Dr.  Walker  and  Dr.  BelP  in  1851,  the  latter 
by  the  late  Revd.  S.  Hislop's  discovery  of  reptilian  bones.*  The  village  of 
Koia   is  on  the  left  bank  of  the  Prinhita  or  Waingangd,  about  8  miles 


>  H.  F.  Blanford,  Memoirs,  IV,  39.   (1863); 
R,  B.  Foote,  Records f  XI,  247,  {1878). 

*  Pal,  indicOf  series  ii,  I,  199,  (1879). 

•  Quart  Jour.  CeoL  Soc,  VII,  272,  (1851); 


VIII,  230.  (1852) ;   IX.   351,   (1853);  X,37i, 

(1854). 
*  Quart.  Jour.  Ceol  Soc.^  .XX,  280,  (1864). 
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In  the  list  an  asterisk  prefixed  to  a  species  sliows  that  it  is  also  known 
from  the  Jabalpur  group,  a  dagger  that  it  is  found  in  the  R^jmahjl  group  of 
the  RAjmahdl  hills,  or,  in  the  case  of  Cheirolepis  muensteri,  in  the  Golapilli 
beds.  With  the  exception  of  the  last  mentioned  species,  all  the  plants  are 
found  in  the  Sripermatur  or  some  of  the  other  groups  of  the  same  age  on 
the  east  coast.  We  may  consequently  regard  the  Kota-Maleii  beds  as 
somewhat  later  in  age  than  the  Rajmah^l  group,  and  nearly  equivalent  to 
the  Sripermatur,  though  possibly  somewhat  newer. 

The  palaeontological  relations  of  the  animal  remains  will  be  treated  in 
the  next  i  haptcr,  and  all  that  need  be  noted  here  is  the  occurrence  of  the 
PcLnchet  form  Pachygonia  incurvnta.  The  animal  is  believed  to  be  speci- 
fically,* certainly  gcnerically,  identical  with  that  of  the  Pdnchet  group,  and 
its  presence  here  along  with  a  flora  which  indicates  a  much  newer  age  is 
remarkable. 

The  discovery  of  animal  remains  in  the  Denwa  group  of  the  Sitpuras 
and  south  Rewa  has  been  already  noticed.  In  the  former  area  they  are 
represented  by  scutes  and  vertebrae  of  Parasuchus  and  Mastodonsau  rus^ 
in  the  latter  by  remains  of  two  species  of  Hyperodapedon  and  Parasuchus, 
The  material  is  not  sufficient  for  establishing  those  specific  identifications 
which  would  alone  allow  us  to  assign  the  groups  to  the  same  horizon,  but 
the  resemblances  are  suggestive  and  the  position  of  the  Denwa  group, 
below  the  Jabalpur  and  separated  from  it  by  the  Bagra  group,  places  it 
stratigraphically  on  very  much  the  same  horizon  as  is  indicated  by  the  plant 
fossils  of  the  Kota-Mal6ri  group. 


Resting  on  the  Kota-Maleri  beds  is  a  group,  which  was  separated  by 
Dr.  King*  under  the  name  of  ChikiAla.  from  a  village  of  that  name  situated 
close  to  their  boundary,  though  actually  upon  the  Kota  sandstones.  They 
extend  along  the  eastern  side  of  the  Gondw^na  outcrop,  with  a  width  of 
eight  to  ten  miles,  for  nearly  seventy  miles,  from  Rebni  in  the  Wardh«l  basin 
to  the  reach  of  the  GodcLvari  below  Enchapalli. 

The  group  is  composed  of  soft  sandstones  and  heavy  bands  of  conglo- 
merates of  white  quartz  pebbles.  Clay  bands  and  seams  of  shale  are  fre- 
quent and  the  group  is  very  ferruginous,  the  iron  ore  is  collected  and 
worked  into  iron  to  a  considerable  extent. 

The  relations  of  this  group  to  the  Kota-Maleri  are  obscure,  but  there 
appears  to  be  a  slight  unconformity.  It  was  believed  by  Dr.  King,  on 
the  ground  of  its  lithological  similarity,  to  represent  the  Tripetty  sand- 
stones of  the  coastal  region — a  correlation  which  is  not  inconsistent  with 
its  relations  to  the  Kota-Maleri  group. 

Lydekker,  Bccvtds,  X,  34,  (1877);    XV,    I  »  Memoirs,  XVIII,  140,  (1881). 
25,  (1882).  I 
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In  the  first  account  of  the  central  portion  of  the  Narbada  valley,^  a 
group  of  rocks  was  distinguished  as  '  upper  Damuda/  It  was,  however, 
pointed  out  at  the  time  that  this  group  was  not  only  unconformable  to 
the  Mower  Damuda,'but  that  it  contained  a  very  different  flora.  When 
a  true  upper  Damuda  group  was  subsequently  found  in  the  Ranfganj  coal- 
field, it  became  desirable  to  distinguish  the  Narbada  beds  by  a  different 
name,  and  as  they  are  well  developed  in  the  immediate  vicinity  of  Jabal- 
pur,  they  have  been  named  from  that  town. 

The  Jabalpur  group  consists  of  clays,  shales,  and  earthy  sandstones, 
with  some  thin  beds  of  coal.  The  clays  and  soft  shales,  which  are  the 
most  characteribtic  beds  of  the  formation,  are  pale  coloured,  usually  white, 
pale  lavender  grey,  or  pale  red.  The  sandstones  are  generally  coarse  and 
conglomeratic.  Carbonaceous  shales  are  met  with  in  several  places,  and 
occasionally  one  or  more  thin  bands  cf  jet-coal,  very  different  in  character 
from  the  roal  of  tlie  Damuda  formation.  Limestone  is  rare.  At  the  base 
of  the  formation,  when  resting  upon  gneissic  rocks,  there  is  frequently 
found  a  coarse,  compact  sandstone,  so  hard  and  compact  as  almost  to 
resemble  a  quartzite.  It  is  often  conglomeratic,  and  the  matrix  contain- 
Ml g  the  pebbles  consists  of  white  earthy  rock  in  a  porcellanic  condition. 
Occasionally,  but  rarely,  this  bed  is  calcareous. 

The  thickness  of  the  Jabalpur  group  does  not  appear  to  have  been 
determined  with  any  accuracy.  It  is,  however,  of  no  great  vertical  extent, 
and  so  far  as  is  known  nowhere  exceeds  1,000  feet.  The  relations  of 
the  Jabalpur  group  to  the  underlying  Mahidevas  have  not  been  examined 
in  detail,  but  they  appear  to  be  generally  conformable. 

The  following  is  a  list  of  the  fossils  found  in  this  group,  those  found 
also  in  the  Umia  beds  of  Cutch  being  marked  with  an  asterisk,  whilst  those 
met  with  in  the  Rijmahdl  group  are  distinguished  by  a  dagger  ' — 


ft 


>« 


FiLICES— 

t  Sphenopfen's,  cf.  arguta, 
Dickfonia,  sp. 
Alethopteris  lohifolia, 

medlicotttatta, 

whiihyensis, 
Macroti!fniopteris  satpurensis, 
Glossopteris.  cf.  communis^ 
Siigenopterts,  so. 

"  J.  G.  Medlic^t,  Memoirs,  II,  176,  (i860). 
The  Jabalpur  formation  was  at  this  time  not 
clear'y  distinguished  in  places  from  the  Mahd- 
devas,  the  former  being  supposed  to  be  the 
lower;  in  reality  the  Jabalpur  formation  is  not 
only  newer  than  the  Mahddeva,  but  it  appears 
*o  be  the  latest   member  of  the  whole  Gond- 


CyCADBACEjB  — 

P oii osamites  lanceolatus, 
sfathulatus. 
hacketin 

Otosa mites    hislopi, 

gracilis. 

distans. 

angustatus, 
Pterophyllum  nerbuddaicum. 


it 


» 


t> 


t» 


tt 


wdna  series,  with  the  possible  exception  of 
the  Umia  group  of  Cutch,  or  of  some  of  the 
uppermost  groups  of  the  east  coast.  Further 
accounts  of  the  Jabalpur  group  will  be  found 
\n  Records,  \V,^St(l^^l)\   and   Memoirs,  X, 

142,  (1873). 
«  Pal.  Indica,  series  xi,  11,  83,  (1S77). 
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CVCADBACfeiB-  COntd, 

•  t  Ptilophyllum  cutchensi. 

•  t  t>  acutifoliuni, 
t  Willinmsonia,  cf.  gigns. 

CyCadites,  cf.  gramineus, 

COXIPBRA  — 

•  t  Palisiya  indica. 

„       jabalpurtniis. 


Conifers—  contd, 

•  Araucarites  cuichensis, 
Brnchyphj'llum  mammillttre, 

*  Echtnostrohus  expansus, 
EchtHOsirobus  rhombicus, 
Toxttes  tenerrimus, 
Gingko  lobaitu 
Phonicopsist  sp. 
CBekanoiBskiat  sp. 


It  will  be  seen  that  nearly  as  many  Rijmahil  as  Umia  species,  Ave  of  the 
former  and  six  of  the  latter,  are  found  in  the  Jabalpur  group,  so  far  as  the 
flora  has  hitherto  been  determined.  It  should,  however,  be  remembered 
that  the  known  species  of  the  Rdjmahil  flora  are  nearly  fifty  in  number, 
while  those  of  the  Umia  flora  are  much  less  numerous,  about  twenty-two.* 
Moreover,  the  Jabalpur  beds  are  distinguished  by  a  conspicuous  want  of 
many  of  the  commonest  and  most  characteristic  Rdjmahil  plants,  such  as 
the  broad  leaved  species  of  Pterophyllum. 

On  the  whole,  the  Jabalpur  beds  are  probably  on  nearly  the  same 
horizon  as  the  Umia  beds  of  Cutch,  but  possibly  represent  a  period  inter- 
mediate between  the  Umia  and  Rajmahil  groups,  though  nearer  to  the 
former.  At  the  same  time  the  circumstance  that  no  representative  of  the 
Jabalpur  flora  has  yet  been  found  on  the  east  margin  of  the  Indian  Penin- 
sula, to  which  the  Rijmah^l  flora  is  confined,  suggests  that  the  distinction 
may  be  due  to  the  beds  having  been  formed  in  different  botanical  regions. 
Bearing  in  mind,  however,  the  large  amount  of  evidence  which  exists  to 
show  that  the  greater  part,  if  not  the  whole,  of  India  proper  was  a  land 
area  in  Gondwcina  times,  this  idea  of  the  country  having  be  en  divided  into 
distinct  botanical  regions  is  less  probable  than  the  theory  of  a  difference 
in  age  between  the  Rdjmahil  and  Jabalpur  groups. 

The  plant  bearing  beds  of  the  Umia  group  in  Cutch  are  only  mentioned 
here  because  of  their  relations  to  the  uppermost  beds  of  the  Gondwina 
series.  The  name  Umia  is  derived  from  a  village  about  50  miles  north- 
west  of  Bhuj,  the  chief  town  of  Cutch.  The  group  will  receive  a  fuller 
description  under  the  head  of  the  Jurassic  formations,  and  an  account  will 
there  be  given  of  its  mineral  character  and  animal  fossils.* 

The  special  interest  of  this  group  in  connection  with  those  just  enu- 
merated  is  due  to  the  fact  that  beds  containing  plants,  several  of  which 
are  identical  with  those  of  the  Jabalpur  beds,  are  interstratified  with  rocks 
yielding  marine  fossils. 


'  Dr.  Feistmantel  enumerates  twenty-eight 
in  his  Memoir,  but  some  are  only  varieties 


and  others  stems  not  identified  generically. 
*  Infra,  p.  223. 


Ohap.  VH] 


UMIA   GROUP. 


189 


The  following  is  a  list  of  the  plants  from  the  Umia  beds,*  a  dagger  in- 
dioating  species  found  in  the  Jabalpur  group  : — 


C  P)  Chondrites  dichotomus. 

Oleandridium  vtttitum, 
T^aniopteris  dgnsinervis, 
1'^lethopteris  whitbyenst's, 
.£^ecopteris  ienera. 
S^achypitris  specifica, 

f,  brevipinnata. 

ActinopteriSf  sp. 

Cycadbace^  — 

"fl^tilophyllutn  cutch&nse. 
•f"  f,  acuiifol'um, 

br  achy phy  Hum, 


»» 


»» 


f» 


Cycadb/cba— COIf^^. 
OtoMamites  coniiguus. 

imbrieatus. 

cf .  goldtoei. 
Cycadites  culchensis, 
Cycadohpsts  pilosa, 
Willi amsonia  blanfordi. 

CONIFBRiB^ 

Palissya  bhoojoorensis, 
t       M        cf.  indica, 
,,        cf.  laxa, 

Pachyphyllum  divaricatum. 
fEchinostrobus  expansus. 
\ Araucarites  cutchensis. 


At  a  somewhat  lower  horizon  in  the  rocks  of  Cutch,  a  few  plants  have 
been  found  near  a  village  named  Narha,  in  the  northern  part  of  the  prov- 
ince, in  beds  interstratified  with  the  Katrol  group,  the  Cephalopoda  of 
which  are  considered  by  Dr.  Waagen  as  corresponding  to  those  of  the 
Kimmeridge  and  Upper  Oxford  beds  of  Europe.  These  plants  consist  of 
the    following  species  *  :^ 

^phenopteris,  cf.  arguta.  Otosamites,  cf.  coniiguus, 

^lethopteris  whitbyensis,  Araucarites  cutchensis, 

The  three  last  are  apparently  identical  with  species  found  in  the  Umia 
hed^  whilsc  Sphenopteris  arguta  is  an  English  lower  oolite  species,  foun J 
also  in  the  Jabalpur  and  Rdjmahdl  groups.  The  Alethopleris  and  Aran- 
^^^^des  are  also  Jabalpur  forms.  This  evidence,  so  far  as  it  goes,  tends 
^  ^liow  a  great  persistency  in  the  flora,  and  it  may  indicate  that  the 
J^t^^lpur  beds  are  a  little  older  than  the  Umia  group,  since  the  connection 
o^^lie  flora  found  in  the  Katrol  beds  of  Narha  with  that  of  the  Jabalpur 
S^'^vip  is  quite  as  strong  as  with  the  Umia  plant  fossils. 

In  northern  Kithiawdr  a  series  of  soft  white  and  ferruginous  sand- 
sto^^es,  with  pebbly  bands,  is  exposed,  of  which  a  few  fossil  plants  have 
^^^  obtained,  which  are  comprised  in  the  following  list,^  an  asterisk  and 
da^^er  indicating  species  that  are  also  found  in  the  Umia  and  Jabalpur 
g^^^vips  respectively : — 


"^  t  Alethopleris  whitbi/ensis, 
Pecopteris,  sp. 
TaKtopteris,  sp. 

C^cadbacea  — 

t  Podoeamites  lanceolatus. 
^  t  Ptilophyllum  cu  cheuse. 

'  Pal.  Indica,  series  xi,  II,  63,  (1876). 

*  Memoirs,  IX,   213,  (1872)  ;  Pal,  Indica^ 


CoNIPERiE — 

t  Palissya  jabalpurensis. 
t  Taxites  tenerrimus. 

•  t  Echinostrobtis  expansus, 

•  t  Araucarites  cutchensis. 


series  xi,  II,  80,  (1876). 
«  Memoirs,  XXI,  81-82,  (1S84). 
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The  Kithidwir  beds  have  been  regarded  as  the  equivalents  of  the  Umia 
group  in  Cutch,  and  the  Hthological  resemblance  and  geographical  prox- 
imity are  certainly  in  favour  of  correlating  them  with  the  only  group,  of  the 
more  extended  series,  which  appears  to  have  been  deposited  under  similar 
conditions,  but  four  of  the  seven  species  of  plants  recognised  are  found  both 
in  the  Umia  and  Jabalpur  groups  and  three  in  the  latter  alone.  The 
palaeontological  relationship  is  consequently  closer  with  the  more  geo- 
graphically remote  beds,  and  if  the  Kithiclvvir  sandstones  are  the  equi- 
valents of  the  Umia  group,  they  indicate  a  greater  approximation  in  age 
between  the  latter  and  the  Jabalpur  group  than  a  direct  comparison  of  the 
two  floras  woulj  necessarily  imply. 


,<) 
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CHAPTER   VHl. 

HOMOTAXIS   OF  THE   GONDWANA   SYSTEM. 

Comparison  of  Gondw^na  and  European  floras — Palaeontological  relations  of  the  animal  rC' 
mains— Asiatic  representatives  of  the  Gondwdna  system— Representatives  of  the  Goiid* 
wina  system  in  Australia  and  in  South  Africa — Correlation  of  the  rock  groups  in  the  four 
continents — A  former  land  connection  between  India  and  Africa — Bearing  on  the  doctrine 
of  the  permanence  of  oceans — And  on  the  hypothesis  of  secular  variations  in  latitude. 

In  the  preceding  chapters  all  reference  to  the  very  interesting  question 
of  the  age.  of  the  Gondwina  system,  as  compared  with  the  geological  se- 
quence in  Europe,  has  been  purposely  omitted.  The  subject  is  one  whose 
interest  and  complexity  deserves  a  special  treatment,  and  it  would  have 
been  impossible  to  deal  with  its  bearing  oti  several  of  the  most  important 
problems  of  theoretical  geology  that  are  still  unsettled,  without  interrupting 
the  general  description  of  the  stratigraphy  of  the  Gondwdna  system. 

The  writer  of  these  pages  is  fortunate  in  the  fact  that  the  bitter  con- 
troversy which  long  raged  over  this  question,  is  now  practically  extinct. 
The  history  of  this  controversy  would  be  an  interesting  one,  showing, 
as  it  does,  how  truth  is  ultimately  arrived  at  by  the  contact  of  conflicting 
opinions,  each  involving  an  element  of  falsehood  and  each  containing  a 
large  amount  of  truth.  But  the  purpose  for  which  this  book  has  been 
written,  and  that  for  which  it  will  principally  be  consulted,  is  the  state- 
ment of  the  present  state  of  our  knowledge,  and  a  recapitulation  of  the  past 
would  be  a  task  as  uncongenial  in  its  execution  as  unprofitable  in  its  re- 
sult. The  main  points  for  which  the  members  of  the  Geological  Survey  have 
contended  were  accepted  at  last,  even  by  the  talented  palaeontologist  who, 
alone  among  his  colleagues,  disputed  them,  and  the  last  smouldering 
embers  are  mere  minor  and  unimportant  differences  of  opinion  as  to  the 
exact  position  of  certain  individual  groups  of  the  Gondwdna  system. 

The  most  obvious  method  of  determining  the  age  of  the  rock  groups  of 
the  Gondwina  system  would  be  a  direct  comparison  of  the  fossils  they 
contain  with  those  of  Europe.  Unfortunately  this  method  leads  to  very 
unsatisfactory  and  inconclusive  results. 

H  we  take   the  flora  of  the  Damuda  series  we  find,  according  to  Dr. 
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Feistmantely  the  following  species  identical  with,  or  allied  to,    European 
forms  ^ : — 

Permian — 

Macrofaniopteris  feddenif  Fstm.,  allied  to  A/,  abnormis,  Gutg. 

Trias  ^ 

Schisoneura goftdwanensis,  Fstm.,  allied  to  S,  paradoxic  Schimp. 
Merianopterts  major,  Fstm.,  allied  to  M.  angusta,  Heer. 

Jura  of  Russia  and  Siberia— 

Phyllotheca  indica,  Buiib.,  allied  to  P.  sibirica,  Heer. 
/'.  robusta,  Fstm.,  allied  to  P.  stschurawskii,  Schmalh. 
Cyathea,  cf.  tscihatcheffi,  Schmalh.,  probably  identical. 
Dicksonia  hughesi,  Fstm.,  allied  to  D.  sapor  tana,  Heer. 
Satnaropsis,  cf.  parvula,  Heer.,  probably  identical. 
RhipidopsiSf  ci,  gingkoides,  Schmalh.,  probably  identical. 

while  Belemnopteris  woodmasoniana  is  said  to  closely  resemble  the  living 
form  Hemionotis  cor  data  found  in  Southern  India. 

If  we  take  the  R^jmahdl  flora  the  evidence  is  no  less  conflicting.  The 
following  list  gives  the  relationships  with  European  forms  as  determined 
by  Dr.  Feistmaatel*  :— 

Permian— 

Maeroiceniopteris  lata,  O.  &  M.,  allied  to  M,  abnormis,  Gutbg. 
Pterophyllum  carieriahum,  O.  &  M„  allied  to  Pt.  blechnoides,  Sandbg. 

Trias— 

Gleichgnia  bindrabuneniis,  Schimp.,  allied  to  G.  gracilis,  Heer. 
Danaopsis  rajmahaUnsis,  Fstm.,  allied  to  D,  marantaaea, 

Rh«tic— 
Equisitum  rajmahalente,  Schimp.,  allied  to  E,  muensieri,  Sibg. 
Thinnfddia  galicifolia,  O.  &  M.,  allied  to  T.  decurrens,  Schenk. 
AUihopteris  indioa,  O.  &  M.,  allied  to  Asplenites  rossertt,  Schenk. 
Angiopteridium  maclellandi,  O.  &  M.,  allied  to  A.  muensteri,  Gopp. 
Macrotceni opt  iris  lata,  O.  &  M.,  allied  to  Af,  gigantea,  Schenk. 

,,  cf.  propinquum,  Gopp  ,  probably  identical. 

Pterophyllum  fissum,  Fstm.,  allied  to  P.  comptum,  L.  &  H.,  and  minus,  I,,  ^i  H. 

„  disians,  Morr.,  allied  to  P.braunianmm,  Gopp. 

Pterophyllum  princeps,  O.  &  M.,  allied  to  P.  brauni,  Schenk. 
Otosamites,  cf.  brevifolia,  Brg^.,  probably  identical. 
Palissya  indica,  Fstm.,  allied  to  P.  brauni,,  Endl. 
Cheirolepis,  cf.  muensteri,  Schimp.,  probably  identical. 

,»  gracilis,  Fstm.,  allied  to  C,  muensteri,  Schimp. 

Lias— 
Equisetum  rajmahalense,  Schimp.,  allied  to  E.  liasinum,  Heer. 
Angiopteridium  macclellandi,  O.  &  M.,  allied  to  A,  muensteri,  Gopp. 
Cycadiies  rajmahalensis,  Oldh.,  allied  to  C.  linearis,  Stbg. 

'  Pal.  Indica,  series  xii,    Hi,  pt.  ii,   (18S0).  I     '  Pal.  Indica^  series  ii,    I,  pt.  ii,  (1S77)  . 
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ihenofterip  avgiita,  L.  k  H.»  identical. 

^ymenophjlliies  bunburyanus,  Fsttn.,  allied  to  Tympanophora  racemosa,  L.  &  H. 
lethopUfis  j^dicot  O.  &  M.,  allied  to  A,  whitbyensis,  L.  &  H. 
^erophylliiJn  fissum,  Fstm.,  allied  to  P.  minujs,  L.  &.  H*>  a  Rhstic  species  also. 
^illiamsokin,  cf.  gigas^  Can*.,  probably  identical. 
raucpriies  macropterus,  Fstm.,  allied  to  A.  brodieif  Sap. 

TThese/two  floras  were    regarded  by  an  eminent    palaeontologist  as 
indicr^^iiig  a  triassic  and  a  liassic  age  respectively,  but  the  most  striking 
poii^^s  about  them  ^x^^  firstly^  the  want  of  definite  evidence  of  a  difference 
of  2t£^  corresponding  to  the  great  stratigraphical  break  and  palaeontologi- 
cal     contrast  between  the  two  groups  and,  ^^ci?«rf/y,  the  extremely  hetero- 
gi^i:ieous  nature  of  the  alliances  exhibited  by  the  flora.     For  the  last  of 
.these  an  explanation  will  be  found  in  the  sequel,  but  it  is  also  largely  due 
to  the  absence  of  any  true  test  of  relationship  in  fossil  plants.     The  shell 
of  a.  marine  mollusc,  the  test  of  a  crustacean  or  the  cup  of  a  coral  give 
rea.1  clues  to  the  zoological  position  of  the  animal  they  once   formed  parts 
of,  but  leaves  or,  in  the  case  of  ferns,  fronds,  either  barren  or  with  the  fructi- 
fication too  obscure  to  be  determinable,  are  all  that  we  have  when  dealing 
with  fossil  plants,  and  these,  which  have  the  least  weight  in  determining  the 
relationships  of  living  plants,  are  often  only  imperfectly  preserved.    When  a 
number  of  leaves  are  found,  all  showing  the  same  shape  and  venation, 
there  is    a  considerable   probability    that  they     belonged  to   the  same 
species,  but  when  small  differences  are  observed,  which  lead  to  their  being 
classed  as  belonging  to  distinct  species,  there  is  no  certainty  that  they  did 
not    belong  to  plants  widely  separated   from  each  other  in   all  important 
characteristics,  while  plant  remains  that  are  classed  under  distinct  genera 
or  even  families  may  have  belonged,  not  merely  to  closely  allied  species 
but  may  have  formed  different  parts  of  one  and  the  same  plant.     It  may 
consequently  result  that  a  plant  fossil  may  most  resemble  one  of  a  very 
different  age,  which  possibly  would  prove  to   be  widely  distinct  from  it  did 
we  but  know  the  whole  of  both. 

The  alliances  of  the  Pinchet  flora  are  shown  in  the  following  table*  :— 
Trias — 
Sehieoneura  goudwamensis,  Fstm.,  allied  to  S  paradoxa^  Scliimp. 

RH£TIC — 

Pecopieris  condnna,  Presl.,  identical. 

Cyclopteris  pachyrknca,  Gdpp.,  identical. 

Oleandrtdium,  cf.  stenoneuron^  Schenk.,  probably  identical. 

Tkinnfeldia  odontopteroides,  Morr  ,  allied  to  T.  rotund ata,  Nalh. 

Jura— 
Samaropsi's,  cf.  parvula,  Heer. 

"^  Ihe  last  case,  however,  tlhe  resemblance  is  of  fittJe  value. 

*  Pal.  Indieot  series  xii|  III,  pt.  ii,  51,  (9j86p}. 
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If  we  pass  upwards  to  the  Jabalpur  and  Umia  groups  we  find  a  much 
more  homogeneous  flora,  as  is  indicated  by  the  following  statement  of  the 
alliances  with  European  fossil  plants  :— 

Alliances  of  the  Jabalpur  Flora.^ 
Lias  — 

Otosamttes  gracilis,  Schimp.,  identical. 

Lower  Oolite— 
Sphenopteris,  cf.  arguta,  L.  &  H.,  probably  identical. 
Alethopteris  lohifolia,  Schimp.,  identical. 

„  whitbyensis,  Gopp.,  identicaU 

Podosamites  lauceolatus,  L.  &  H.,  identicaU 
Williamsoniat  cf.  gigas,  probably  identicaL 
Cycaditesl  cf.  gramineus,  Heer.,  probably  identical. 
Araucarites  cutchensis,  Fstm.,  allied  to  A.  phillipsi,  Carr, 
Brachyphyllum  mamtnillare,  L.  &  H.,  identicaU 
Echinostrobus  expansus,  Schimp.,  identicaU 

Alliances  of  the  Umia   Flora.' 
Rhjetic— 

Oleandridium  vittatum,  Schimp.,  identical. 
Actincpteris,  sp.  allied  to  A.  peltata,  Schenk. 

Lower  Oolite— 

Oleandridium  viUaiuntt  Schimp.,  identical. 
Alethopteris  whitbyensis,  G5pp.,  identical. 
Pachjpteris  specifica,  Fstm.,  allied  to  P*  lanceolata,  Brgt. 
Otosamitis,  cf.  goldicei,  Brgt.,  probably  identical. 

n         imbricatus,  Fstm.,  allied  to  O.  brongniarti.  Sap. 
Cycadites  cutchensis,  Fstm.,  allied  to  0.  Bamioides,  LecK. 
Williamsonia  blan/ordi,  Fstm.,  allied  to  H^,  sp.  Carr. 
Taxites  cf.  laxus,  Phill.,  probably  identicaU 
Pachyphyllum  divaricatum,  Bunb.,  identical. 
Echinostrobus  expansus,  Stbg.,  identical. 
Araucarites  cutchensis,  Fstm.,  allied  to  A,  brodiei,  Carr, 

Upper  Jura  (Kimmeridge  P)  — 
Gycadoh'Psis  pilosa,  Fstm.,  allied  to  C.  hirta.  Sap. 

Reviewing  the  evidence  of  the  Gond>>  ina  plants^  we  find  that  the  two  most 
important  of  the  floras,  those  of  the  Damuda  and  Kijmahil  series,  do  not 
show  a  definite  relation  to  any  single  horizon  of  the  European  sequence, 
nor  do  they  show  any  distinct  evidence  of  a  difference  of  age.  The  flora 
of  the  Pinchet  group  has  a  much  more  defined  relationship  to  the  rhaetic, 
and  the  beds  might  have  been  referred  to  this  age  on  the  evidence  of  the 
plants  alone,  were  there  not  other  considerations,  to  be  detailed  below 
pointing  to  an  older  date.     The  Jabalpur  and  Umia  floias  show  a  still 

T/i/.  /w<fiV/»,  series  xii,  11,  r3,(i877).  1      ^  Pal.   ludica^  serif    xii,   U,  63,   (1856). 
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greater  definiteness  of  relationship,  in  this  case  to  the  lower  oolite,  and 
thou^^  the  latter  group  was  described  as  newer  than  the  former,  the 
difference  in  age  of  the  two  is  possibly  not  so  great  as  to  introduce  any 
difficulty.  The  Cutch  plant  beds  are,  however,  found  resting  on  marine 
deposits  whose  Cephalopoda  show  that  they  are  of  uppermost  oolitic  age,  and 
arc  overlaid  conformably  by  beds  containing  upper  neocomian  ammonites  ;' 
there  is  consequently  a  direct  conflict  here  between  the  evidence  of  the 
marine  mollusca  and  the  fossil  plants,  and  the  question  of  which  is  to  be 
preferred  arises. 

THis  will  not  be  discussed  here  in  detail,  but  the  explanation  is  to  be 
found  in  the  diversity  of  the  forms  of  terrestrial  life  inhabiting  distant 
regions  of  the  earth  at  the  present  day.  There  is  a  much  greater  differ- 
ence between  the  terrestrial  faunas  and  floras  of  Africa,  Australia  and 
America  than  between  the  animals  inhabiting  the  Atlantic,  Indian  and 
Pacific  oceans,  and  it  is  a  common  circumstance  to  discover  fossil  remains 
of  a.nimals  and  plants^  without  any  living  representatives  in  neighbour- 
ing la.nds,  but  allied  to  forms  still  living  in  a  distant  region.  Such  was 
also  the  case  during  the  Gondwina  epoch,  and,  as  will  appear,  the  distinc- 
tions at  its  commencement  were  even  more  trenchant  than  at  the  present 
day. 

If  we  turn  from  the  plants  to  the  animal  remains    found   in  the  Gond- 

wlna  system,  the  evidence  is  little  less  ambiguous.     The  Gondwanosaurus 

from    tiie    Bijori   group   belongs  to  the  family  ArchegosauridaSy  which  in 

Europe  is  principally  carboniferous  and  permian,  though  a  specialised  form 

ranges  into  the  trias.    The  affinities  of  the  Indian  specimen  are  said  to  be 

permian.     On  the  other  hand,  Brachyops  laticeps^  from  the  Mingli  group, 

which    is  believed  to  be  of  about  the  same  age  as    the  Bijori  group,  is 

in  Europe  only  allied  to  RhinosauruSy  a  Jurassic  form.*     Its  nearest  allies 

are  to  be  found  in  the  Karoo  beds  of  South  Africa. 

The  reptiles  of  the  Pinchet  group  exhibit  but  little  connection  with 
European  forms,  and  their  connection  with  the  South  African  fauna  will  be 
noticed  further  on. 

In  the  Kota-Mal6ri  and  Denwa  groups  the  genera  Belodotty  Hyperodii' 
f^doriy  and  Masiodonsaurus  are  all  represented  in  the  upper  trias  of 
Europe,  the  first  and  last  being  also  known  from  rhaetic  beds,  Parasuchus 
belongs  to  the  same  typically  mesozoic  group  of  crocodiles  with  biconcave 
vertebrae  as  Belodon^  and  is  placed  with  it,  by  Prof.  Huxley,*  in  a  section  of 
the  family  which  is  almost  confined  to  triassic  rocks  in  Europe.  Of  the 
fishes  represented  in  the  Kota-Maleri  group  the  genus  Lepidotus  xdiVig^s 
^rom  the  lias  to  the   lower  chalk,   and  the   Kota  species  were  regarded 

*  Vr«  p.  286.  »  Quart.  Jour,  GeoL  Soc,  XXXI,  427,  (i875)« 

^^<  Indica,  scries  iv,  I,  13.  (i835). 
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bv  Sir  p.  Egerton,^  as  showing  liassic  or  oolitic  affinities.  Tetrogonolepis 
is  only  known  from  liassic  beds,  and  Dapedius  is  also  a  lias&ic  genus. 
Ceratodus  is  principally  triassic,  but  species  have  been  found  in  beds  of 
later  date,  and  the  genus  is  still  living  in  Australia. 

Here  the  fauna  of  the  Mal6ri  group  indicates  an  earlier  age  than  that 
of  the  Kota,  and  in  this  agrees  with  the  relative  stratigraphical  position  oL 
the  two  groups,  but  the  fossils  indicate  a  much  greater  difference  in  the 
age  of  the  two  rock  groups  than  their  intimate  stratigraphical  association 
suggests,  and  we  have  very  much  the  same  palaeontological  contradiction 
as  there  is  between  the  land  plants  and  marine  animals  of  the  Cutch 
jurassics. 


From  the  coalfields  of  Tongking  a  fossil  flora  has  been  described  *  which 
contains  certain  Gondwdna  forms,  and  exhibits  a  much  closer  relation  to  a 
definite  European  horizon  than  any  of  the  groups  of  that  system.  Out  of  a 
total  of  nineteen  species,  ten  are  found  in  the  rhaetic  beds  of  Europe,  and 
eight  of  the  remainder  in  India ;  of  the  latter  Phyllotheca  indica^ 
Palasovittaria  kuret\  Macrot3entopteris  feddeniy  Glossopteris  brovniana, 
and  Noegerathiopsis  hislopi^  are  Damuda  forms,  and  the  Rijmahil  and 
Sripermatur  groups  are  represented  by  Angiopteridium  spathulatum^ 
Txniopteris  ensis  and  Otozamites  rartnervis.  Here  the  evidence,  so  far 
as  it  goes,  is  distinctly  in  favour  of  regarding  the  Tongking  beds  as  rhxtic 
in  age  and  intermediate  between  the  Damuda  and  Rljmah^I  series  in  India, 
or  more  or  less  contemporaneous  with  the  Pinchete,  whose  flora  has  also  a 
rhaetic  facies. 

Outside  the  limits  of  India  proper,  in  north-western  Afghdnistin,  a 
scries  of  coal  bearing  sandstones,  intercalated  with  marine  beds,  and  having 
at  its  base  a  boulder  bed  precisely  similar  in  character  to  that  of  the 
Talchirs  has  been  described  by  Mr.  Griesbach.*  The  general  classification 
of  the  beds  as  adopted  by  him  is  as  follows  :— 


Age. 


Jurassic 


Formation. 


Densely  red  grits  and  sandstone, 
shales  with  plant  remains. 

Trap. 

Dark  bluish  grey  grits  and  sand- 
stone ;  plant  remains. 

Ash-beds. 

Sandstone  and  black  alum  shales 
with  plant  impressions ;  marine 
fossils. 


Localities. 


Upper  Almar  stream  near  Pain- 
l^uzar  ;  Astar-ab  below  Paisoah. 

Khorak*i*Bala,  north  of  the  Kara 
Koh. 

Dodb  north  of  the  Kara  Kotal. 


»  Pal.  Indica,  series  iv,  I,  2,  (1875),  '*  Ganoid 
Fishes  from  the  Deccan." 

*  R.  Zeiller :  "  Examen  de  la  flore  fossile  des 
couches  de  cbarbon  du  Tongking,  Annales 
dfs  Mines,  8th  series,  II,  299,  (1882).      The 


details  in  the  text  are  taken  from  FaL  Indica, 
series  xii,  IV,  Introduction,  pp.  xv-xvii,  (1886;. 
•  Records,  XIX,  239,  (1816).  The  uppermost 
red  grits  were  afterwards  said  to  be  ueoco- 
mian.     Records,  XX,  94,  (1887). 
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Age. 


yjp^cc  TMas  or  Rhae- 

tic. 
'Upper  . 


UpperTrias  ^Middle. 


Lower 


Permo-Carbon  . 


Light  coloured  smdstones  and 
shales  with  coal  seams. 

Great  thickness  of  marine  sand- 
stone, limestonet  and  shales  with 
coal  seAms.   Schigoneura  sp.,  etc. 

Brown  sandstones  and  shales  with 
coal  seams.  Equisetites  colum' 
naris. 

Marine  sandstone  and  limestone 
beds.  Halebia  lorn  melt  ^  Monotis 
salinaria. 


LocalUica. 


Kotal-i-Sabz  (north  slope  of  Kara 

Koh),  Shisha  Alang. 
Chahil;  Shisha  Alang. 

Chahil,  north  slope  of  Kotal-i  Sabs. 
ChahiK 


Altered  shales  (mica-schist,  etc.) 
with  graphitic  and  anthracitic 
seams.  Clay  shales  with  impure 
coal.  The  whole  traversed  by 
hornblendic  granite. 

Coarse  conglomerate  in  greenish 
matrix,  altered  by  granite. 


Massive  dark  limestone  with  bra- 
chiopod  casts. 


Saighin ;  Ak  Robdt  Kotal,  north. 


Palu  Kotal  and  gorge  j  Ak  Robfit. 


Ditto 


ditto 


ditto. 


There  can  be  little  doubt  that  these  beds  are  the  equivalents  of  the 
Gondwina  system  of  the  Indian  Peninsula  and  will  be  of  the  greatest  im- 
portance in  determining  the  age  of  the  various  members  of  that  system, 
when  they  have  been  more  fully  studied.  At  present  the  subdivisions  of  the 
series  of  beds  seen   in  Afghanistan  cannot  be  correlated  with  those   of  the 
Gondwinas  in  detail,  while  as  regards  the   correlation  of  the  beds  with  the 
European  sequence,  it   must  be  remembered  that  no  fossils   from  this  area 
have  been  critically  determined,  and  the  correlation,  depending  merely  on  a 
field    determination   of   two   or   three   species,    may   be  upset  by  a  fuller 
study  of  the  fauna  and  flora  as  a  whole.     It  is  necessary  to  bear  this  in 
niind  as  the  horizon  indicated  by  Mr.  Griesbach,  for  the  coal  bearing  beds 
oi  Afghinistdn,  is  higher  than  that  which  we  shall  have  cause  to  regard  as 
the  horizon  of  the  Barakar   or  Rclnfganj  groups,  their  probable  equivalents 
in  India.    The  country  in  which  these  Afghin  Gondwdnas  are  developed  is 
not  open  to  detailed  examination  by  Europeans,  such  information  as  is  avail* 
able  having  been  obtained  during  rapid  journeys  through  the  country,  and 
until  a  closer  and  more  detailed  examination  of  them  can  be  made  they  have 
not  the  importance,  from  the  present  point  of  view,  that  their  proximity  to 
l^dia,  and  the  occurrence  of  beds  containing  marine  fossils,  intercalated  with 
those  which  contain  the  fossil  plants,  would  otherwise  give  them. 


If,  instead  of  looking  to  the  west  or  the  east,  we  turn  to  the  south,  we 
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will  Hnd  in  Australia  a  series  of  beds  which  clears  up  the  vexed  question  of 
the  homotaxis  of  the  Gondwclnas  in  a  wonderful  manner. 

From  Bacchus  marsh  in  Victoria  three  species  of  Gancramopteris  have 
been  obtained,  but  of  this  very  limited  fauna  one  species  is  identical  with, 
and  the  other  two  allied  to,  Karharbdri  forms.  This  would  in  itself  suggest 
a  correlation  of  the  Bacchus  marsh  with  the  Karliarbiri  beds,  and  there  is 
further  evidence  in  the  presence  of  large  blocks  of  granite  and  pebbles  of 
rocks  that  must  have  travelled  long  distances,  imbedded  in  a  fine  gained 
matrix  of  mud.*  Like  the  Talchir  boulder  bed,  the  beds  are  of  glacial  origpn, 
and  this,  combined  with  the  palaeontological  evidence,  justifies  us  in 
regarding  them  as  the  equivalents  of  the  Indian  Talchirs 

By  itself  this  would  be  of  little  importance,  as  the  Bacchus  marsh  ex- 
posure is  small  and  the  beds  cannot  be  palaeontologically  connected  with  any 
others  of  known  age.  But  there  is  in  New  South  Wales  a  much  better  and 
more  complete  section,  which  is  in  fact  the  standard  one  for  Australian 
geology,  so  far  as  the  period  we  are  dealing  with  is  concerned.  The 
sequence  has  there  been  divided  into  the  following  groups  : — 

6.  Wianamalta  shales. 

5.  Hawkesbury  sandstones. 

4.  Newcastle  beds,  or  upper  coal  measures. 


3.  Upper  marine  beds  with  carboniferous  fauna. 

7,  Stony  creek  beds,  or  lower  coal  measures. 

I.  Lower  marine  beds,  with  carboniferous  fauna. 


Muree  beds. 


The  marine  beds  are  important  on  account  of  the  fossils  they  contain, 
and  because  they  give  us  a  fairly  definite  geological  horizon  to  start  from. 
Their  equivalence  to  the  glacial  beds  at  the  base  of  the  speckled  sandstone 
in  the  Salt  range,  and  the  close  alliance  of  the  fauna  of  these  last  named 
with  that  of  the  Australian  marine  carboniferous  beds,  has  already  been 
referred  to,*  and  need  not  be  recapitulated  here. 

The  only  palseontological  evidence  bearing  on  the  correlation  of  the 
Bacchus  marsh  beds,  with  the  sequence  in  New  South  Wales  is  the 
occurrence  of  Gangatnopteris  angustifolia  in  the  Newcastle  beds.  But 
there  is  weightier  evidence  of  a  different  character,  which  renders  it  certain 
that  the  marine  beds,  and  not  the  overlying  Newcastle  beds,  are  the  true 
equivalents  of  the  glacial  boulder  clays  of  Bacchus  marsh. 

The  marine  beds,  and  especially  those  immediately  associated  with  the 
lower  coal  measures  of  Stony  Creek  are  composed  of  a  fine  grained  matrix 
of  sand  or  shale,  enclosing  numerous  delicate  Fenestellae  and  bivalve  shells 
with  their  valves  still  united,  which  had  lived,  died  and  been  tranquilly 
preserved   where  they  are  now  found,  thus  proving,  as  conclusively  as 


'  Report  on   the  gcolopy  of  the  district  of 
Ballan  by  Richanl  Daintree,  Melb.>urne,  i86(5^ 


p.  10. 
*  Supra^  p.  121. 
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the  texture  of  the  matrix  in  which  they  are  preserved,  that  they  could 
never  have  been  exposed  to  a  current  of  an  great  rapidity.  Scattered 
through  this  matrix  there  are  are  numerous  more  or  less  subangular 
blocks  of  stone,  of  all  sizes,  ranging  up  to  several  feet  in  diameter,  some 
of  which  exhibit  most  characteristically  developed  glacial  striae.  It  was 
not  mere  velocity  of  current  that  brought  these  fragments,  and  deposited 
them  where  they  are,  for  to  move  even  the  smallest  of  them  would  require 
a  current  that  would  have  swept  away  the  matrix  in  which  they  are 
imbedded,  and  destroyed  the  delicate  fossils  with  which  they  are  asso- 
ciated. They  must  have  been  floated  to  their  present  position  and  dropped 
on  to  the  bottom  of  a  tranquil  sea,  and  taking  into  consideration  their 
abundance,  as  well  as  the  distinct  traces  of  glacial  action  that  some 
of  them  exhibit,  the  only  agency  than  can  be  appealed  to  is  that  of  floating 
icebergs.* 

We  find  then  that  the  marine  carboniferous  deposits  of  New  South 
Wales  were  fornced  during  a  period  of  exceptionally  cold  climate,  and  it  is 
to  the  latter  that  we  must  look  for  an  equivalent  of  the  glacial  beds  of 
Bacchus  marsh  rather  than  to  the  overlying  Newcastle  beds,  which  indicate 
a  more  temperate  climate  at  the  time  of  their  formation. 

The  lower  coal  measures  consist  of  a  comparatively  thin  band  of  sand* 
stones  and  coal,  intercalated  between  the  lower  and  upper  marine  beds. 
The  fact  of  this  intercalation  has  been  questioned,  on  account  of  the 
supposed  mesozoic  age  of  the  flora  obtained  from  them.  But  no  one  who 
had  actually  examined  them  in  the  field  doubted  the  intercalation,  and 
it  is  now  too  well  established  to  be  questioned.  Under  these  circumstances 
it  is  important  to  see  what  are  the  plants  which  co-existed  with  a  marine 
fauna  of  carboniferous  type.  The  following  is  the  list  given,  by  Dr. 
Feistmantel  •  :— 


Phyllotheca  australis, 
Annularta  ousiralts* 
Clossopteris  browniana* 
clarkei. 


if 


Gloss^pteris  elegans, 

yy  primceva, 

Nceggeraihiopsis  prisea* 


At  a  glance  the  flora  can  be  seen  to  be  of  the  type  of  the  lower  Gond- 
w4nas,  in  India,  and  to  differ  totally  from  the  European  flora  of  corre- 
sponding age.  The  same  alliance  with  the  lower  Gondwclna  flora  is  to  be 
seen  more  conspicuously  in  the  following  list  of  the  plants  of  the  Newcastle 
beds:— 


Phyllotheca  australis. 
^ertebraria  australis. 

'  f^eccrds,  XIX.  39,   (1886) ;  Quart.  Jour, 
^f  Soc.^  XLIII,  190,  (1887) 

^-  Feistmantel,  Palaontographica,  supple- 
"«°».  1878-79.  A  resume-,  with  lists  of  fossils 


Sphenopteris  alata, 

„  flexuosa» 

and  notices  of  previous  literature,  is  given  by 
the  same  author  in  Sitaungsber.  K,  bdhm,  Ges- 
Wiss.  1887,  pp.  55-77,  and  in  Jour,  Roy^  Soc, 
New  South  WaUs,  XIV,  103,  (i88i). 
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Sphenopitris  germana* 
„  hostaia, 

„  hbifolia. 

t,  plumosn, 

Glosiopteris  browniana, 
f,  ampla, 

„  cordaia, 

M  elo  ffata, 

„  linearis, 

„  parollela. 


Gloskopteris  reticulum, 

,f  iceniopteroides, 

<  It  vfilkinsoni* 

Gangamopteris  angtistifolia^ 

„  thrkeona, 

Ca4lopteris  (?)  adamsi. 
Ze^gophyllites  elongatus, 
Nc^gerathiopsis  media. 

„  spathulata, 

Bt^dhyphyllum  gustrale. 


Of  these,  Gafigamopteris  atigustifolia  aiid  Glossoptefis  browniana  are 
also  found  in  India,  the  former  in  the  Talchji|  and  Karharbiri  groups,  the 
latter  in  the  Damuda  series.  'I  hree  species  \A  Glossoptefis^  C  linearis^  G, 
amplay  G,  parallela,  are  represented  in  the  Diitiuda  flora  by  the  allied  forms 
G.  angu^tifolta^  G.  communis  and  G.  damudida\  The  AustratWn  Phyliotheca 
is  very  closely  allied  to,  and  has  been  considered  identical  wteh,  P.  indica 
of  the  Damudas,  Vertebraria^  which  is  commbh  in  both  the  florlifs^is  only 
known  elsewhere  by  a  distantly  related  species  trom  the  Jurassic  of  Liberia. 
These  specific  relationships  between  the  Damuda  and  Newcastle  flora^are 
strengthened  by  the  general  resemblance  in  the  type  of  the  floras  as  % 
whole.  All  the  principal  and  more  characteristnc  genera  of  the  Newcastle 
beds  are  represented  in  both  floras,  and  the  g^tlus  Glossopieris  in  both 
cases  includes  about  one-third  of  the  total  number  of  species. 

The  palaeontological  evidence  would  of  itself  be  almost  sufficient  to 
justify  the  correlation  of  the  Newcastle  and  Damuda  series^  and  when  we 
bear  in  mind  that  their  position,  relative  to  the  uncilferlying  glacial  beds,  is 
similar  in  both  cases,  it  becomes  certain  that  the  twO  coal  bearing  series 
must  be  .more  or  less  completely  the  equivalents  of  eadi  other. 

Above  the  Newcastle  comes  the  Hawkesbury  group  of  sandstones  and 
shales.  The  few  fossils  that  have  been  obtained  from  this  ^nd  the  over- 
lying Wianamatta  group  are  scarcely  sufficient  to  establish  tiielr  correlation 
with  any  particular  division  of  the  Gondwdna  system,  none  of  the  S[>ecies 
being  found  in  India  except  Thinnfeldia  odontopteroides^  a  Pdnchet  ^form, 
but  there  is  evidence  of  a  recurrence  of  glacial  conditions  in  the  Hawlcesbury 
beds  which  is  worth  noting.  Large  angular  fragments  of  shale,  similar 
to  that  interbedded  with  the  sandstones,  are  found  imbedded  in  a  confused 
manner,  with  their  original  bedding  planes  lying  at  all  angles,  in  a  matrix 
of  sand.  They  occur  nearly  always  immediately  above  the  shale  beds, 
and  are  accompanied  by  well  rounded  quartz  pebbles.^  It  is  difficult  to 
account  for  the  facts  that  have  been  described  without  the  agency  of  ice,  in 
one  form  or  another,  but  they  are  in  no  way  comparable  with  the  proofs 

»  C.  S.  Wilkinson,  Jour.  Roy,  Soc.  New  South  lVaie»,  XIII,  105.  (1880). 
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of  glacial  action  exhibited  by  the  marine  beds.     The  evidence  indicates  the 
action  of  winter  ice  rather  than  of  actual  glaciers. 

No  evidence  of  the  recurrence  of  glacial  conditions  has  been  recorded 

in   India, but  there  is  an  indication  of  a  return  of  cold  in  the  undecomposed 

felspar,  found  in  the  sandstones  of  the    Pinchet  group.     Undecomposed 

felspar  is  characteristic  of  the  sandstones  associated  with  the  boulder  beds 

of    tlie  Talchirs,  and  Prof.  Green*  nas  remarked  on  the  extreme*freshness  of 

the  felspar  in  the  glacial  beds  of  the  same  age  in  South  Africa.     The  beds  of 

gla^cial origin  in  the  Indus  valley,  which  have  been  supposed  to  be  eocene* 

also  contain  an  abundance  of  fragments  of  undecomposed  felspar.     Apart 

from  these  observations  there  is  an  inherent  probability  that  sandstones 

containing  undecomposed  felspar  would  be  found  in  cold  climates.     They 

mean  that  the  disintegration  of  the  parent  rock  from  which  the  material  was 

derived,  together  with  the  transport  and  final  accumulation  of  the  debris, 

went  on  at  a  greater  rate  than  chemical  decomposition  of  the  constituent 

niinerals,  and    this  might  be  due  either  to  extreme  dryness,  which  would 

retard  the  rate  of  decomposition,  or  to  an   extreme  severity   of  climate, 

which  would  accelerate  the  rate  of  disintegration. 

Taking  these  considerations  into  account,  it  may  well  be  that  the  un- 
^lecomposed  felspar  of  the  Pinchet  sandstones  indicates  a  recurrence  of  a 
cold  period,  less  severe  than  that  of  the  Talchir,  and  comparable  to  that  of 
the  Hawkesbury  group  in  New  South  Wales.  Quite  independent  of  this 
the  stratigraphical  position  of  the  two  groups  would  suggest  their  correlation, 
^nd  the  flora,  which  contains  a  mixture  of  purely  lower  Gondw^na  with 
°PP^r  <iondiiriaa  genera,  is  consistent  with  this  conclusion. 

Newer  than  the  Hawkesbury  beds  a  number  of  groups  of  plant  bearing 
^^^dstones  are  found  in  different  parts  of  eastern  Australia,  which  probably 
represent  the  upper  Gondwdnas  of  India.  Their  relations  to  each  other 
have  not  been  fully  worked  out,  and  the  recorded  fossils  indicate  an 
^drnixture  of  specimens  obtained  from  older  beds.  In  any  case  they  are  of 
little  importance  in  the  present  connection,  and  will  not  be  further  noticed. 


In  South  Africa  we  again  find  a  representative  of  the  Gondwdna  flora 

^hich,  though  perhaps  less  valuable  for  the  purposes  of  establishing  the  age 

Q»  the  Indian  formation  than  the  Australian  beds,  is  otherwise  of  great  interest 

^tid  importance.     The  Karoo  series,  as  it  is  now  generally  called,  consists 

0^  a  thickness  of  many  thousands  of  feet  of  sandstones  and  shales,  with 

mterbedded  coal  seams.     Like  the  Gondwdnas,  they  were  at  first  regarded 

^  lacustrine  in  their  origin,  but  are  now  looked  upon  by  many  geologists 

^  having  been  deposited  by  rivers.     Whether  lacustrine  or  river  deposits, 

*  Quart,  your.  Geol,  Soc.,  XL  IV,  244,  (1888).  |      «  In/ra,  p.  346. 
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tliey  were   certainly  formed  by  fresh  water,  and  the  coal  resembles  that  of 
the  Dainuilas  in  its  laminated  structure  and  in  the  absence  of  an  underclay 


Fig.  13. — Geological  sketch  of  South  Africa. 

G,  granite  and  gneisi.  S,  silurian.  B,  porphjritic  intrusiom.  C,  carboniferous.  Btaek, 
Ecca-conglomeraie.  K,  Karoo  formationi  and  over[yii>g  trap.  Whilt  (in  the  neighbourhood 
of  Algoa  Ha;  and  Cape  Agulhas)  Uitenhage  and  younger  marine  deposits. 

or  even  roots  penetrating  the  underlying  beds.  More  important  than  these 
mineralogical  resemblances  are  the  similarities  shown  by  the  fossil  flora  and 
fauna  of  the  two  countries,  as  will  be  described  immediately.  But,  first,  it 
will  be  well  to  notice  briefly  the  distribution  and  relation  to  older  rocks  of 
the  beds  we  are  concerned  with. 

The  Karoo  formation  occupies  a  very  large  tract  of  dry  lands,  in  the 
interior  of  South  Africa,  forming  the  head  waters  of  the  Orange  river 
and  its  southern  affluents,  and  of  the  principal  rivers  which  issue  on  the 
south  coast.  Northwards  its  extension  has  not  been  worked  out,  but  rocks 
of  a  similar  character  have  been  observed  in  central  Africa.  Details  of  the 
palaeontology  of  these  regions,  which  alone  would  render  them  of  import- 
ance in  the  present  connection,  are  however  wanting.  Over  the  whole  of 
the  area  in  South  Africa  occupied  by  the  Karoo  system,  the  beds  lie  hori- 
zontally in  general,  except  for  slight  disturbance  of  the  lower  beds  along 
the  southern  margin,  anj  form  large,  flat,  desert,  plains,  known  as  Karoo, 
from  which  the  system  derives  its  name. 

Between  the  Great  Fish  and  St.  John's  rivers  the  Karoo  beds  extend  to 
the  east  coast,  but  elsewhere  they  are  separated  from  it  by  a  series  of 
ranges  formed  of  more  or  less  disturbed  palxozotc  beds.  Among  these  the 
Bokkeveld  beds  contain  a  fauna  of  distinctly  Devonian  facics,  overlaid  by 
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plant  bearing  beds,  the  Witteberge  and  Zuurberge  quartzites,  containing  a 

flora  allied  to  the  carboniferous  of  Europe. 

The  subdivisions  of  the  Karoo  system  have  received  a  variety  of  names 

at  different  times  from  different  authors,  but  generally  it  may  be  divided 

into  three  divisions  as  follows  : — 

3.  Upper  or  Stormberg  beds. 

2.  Middle  or  Beaufort  beds. 

I.  Lower  or  Ecca  and  Koonap  beds. 

In  dealing  with  the  palaeontology  of  this  system  we  have  the  great 
advantage  that  the  latest,  and  most  complete,  description  of  the  plants  is  by 
Dr.  Feistmantel,*  the  same  distinguished  palaeontologist  who  examined 
and  described  the  floras  of  India  and  Australia.  According  to  him  the 
specimens  from  the  lower,  or  Ecca,  group  comprised  the  following  species : 


D.  Glossopteris  brovfniana. 
K.  Gangamopteris  cyclopteroides, 
(a  variety). 

The  middle  or  Beaufort  beds  yielded  — 


K.  Noeggerathiopsis  htslopi. 


SrhtMoneura  (?)  africancu 

Phyllotheca  (?) 
D.  Glossopteris  browniana, 
D,  „  angusiifolia, 

D.  y»  communis. 


D.  Glossopteris  strict  a* 
D.  »,  retifera, 

K.  D.  „  «/flw«</f>a  (a  variety). 

Rubidgea  mackayi,  Tate. 


the  last  being,  according  to  Dr.   Feistmantel,  very  probably  the  same  as 
f^alasorittaria  kurzi,  Fstm  ,  from  the  Damudas. 

In  these  lists  the  letter  K  signifies  that  the  species  occurs  in  the  Karhar- 
Wi  group,  D  that  it  is  found  in  the  Damuda  series,  and  a  glance  at  the 
list  will  show  that,  with  the  exception  of  one  doubtful  species,  all  those 
^cognisable  are  identical  with  Indian  species,  and  there  can  be  no 
danger  in  correlating  the  Ecca  and  Beaufort  beds  with  the  Talchir  and 
Damuda. 

Apart  from  the  palaeontology  of  these  beds,  the  lithological  character  of 
the  lower  or  Ecca  group  would  suggest  its  correlation  with  the  Talchirs,  for 
»t  contains  a  boulder  bed,  composed  of  blocks  of  stone  of  various  sizes,  im- 
hedded  in  a  fine  grained  matrix,  precisely  similar  to  that  of  the  Talchirs, 
^nd  now  generally  regarded  as  owing  its  origin  to  glacial  action.    The 
Ecca  group  also  resembles  the  Talchirs  in  containing  beds  which  closely 
resemble  volcanic  traps  or  ashes.^      There   can  be    no  doubt  that  these 
g'acial  beds  were  formed  during  the  same  cold  period  which  has  left  such 
conspicuous    traces  throughout  India  and  Australia,  and,  taken   in  con- 
junction with  the  fossils,  they  leave  no  room  for  doubt  that  the  Ecca  beds  and 


UebersicKtlichc  Darstellung  dergeologisch- 
P»'aontologischen  Vcrhaltnisse   sud     Afrikas 
T*>«il ;  Die  Karooformation  und  die  dieselbe 
"nterlagcrnden  schichtcn.     Abhand.  K,  hbhm. 


Ges   Wis9:,  VII,  Band  3,  (tSSp). 

•  A.H.Green,  Quart.  Jour.  Geol.  Soc,  XLIV 
344,  (1888). 


V 


204  GEOLOGY   OF   INDIA— GONDWANA   HOMOTAXIS.     [Chap.  VIII. 

Talchirs  were  deposited  contemporaneously.  The  Devonian  fauna,  and 
carboniferous  flora,  underlying  them  have  been  already  referred  to,  and  as 
far  as  can  be  judged  from  the  published  description,  there  is  no  great 
discordance,  implying  a  long  lapse  of  time,  between  the  beds  in  which  they 
are  found  and  the  base  of  the  Karoo  system. 

Besides  the  plants,  and  much  better  known  than  them,  are  the  numer- 
ous reptilian  remains,  which  have  been  found  in  the  Beaufort  beds.  These, 
too,  show  a  very  distinct  connection  with  the  much  more  limited  lower 
Gondwina  fauna.  The  Mingli  labyrinthondont,  Brachyops  laticepSy  Owen 
is  closely  related  to  Micropholis  stowii,  Hux.,  from  the  Beaufort  beds. 
The  aberrant  genus  Dicynodon  is  represented  by  no  less  than  thirteen 
species  in  South  Africa,  and  is  not  known  elsewhere  except  from  the 
Pdnchet  group,  and  from  reputed  triassic  beds  in  North  America,  while 
Ptychosiafrutn  orientale  resembles  P.  declive^  Owen,  so  closely  that  the 
specific  distinction  is  difficult.^ 

The  age  of  the  Beaufort  beds,  as  compared  with  the  European  se- 
quence, cannot  be  said  to  be  definitely  established,  the  opinions  expressed 
by  different  palaeontologists,  and  by  the  same  one  at  different  times,  having 
varied,  but  the  general  consensus  appears  to  be  that  the  reptilian  fauna 
represents  a  triassic  age.  They  have  generally  been  regarded  as  the  equi- 
valents of  the  Pdnchet  group,  on  the  strength  of  the  resemblances  between 
the  reptiles  of  the  two,  but  the  conjecture  is  open  to  question.  The 
genus  Dicynodon  ranges  into  the  next  succeeding  rock  group,  which  also 
contains  one  plant  identical  with  a  Pclnchet  species,  and  agrees  better  in 
stratigraphical  position  than  the  underlying  Beaufort  group. 

The  uppermost  group,  of  the  Karoo  system,  again  contains  reptilian 
remains,  among  which  is  one  species  of  Dicynodon^  and  the  following 
plants,  besides  some  undetermined  equisetaceous  stems  :— 


A.  Sphenopieris  elongata, 
A.  Thinnfeldia  od  onto  pier  oides* 
A.  „  irilobata  (^). 

A.  Tceniopteris  carruthersi, 
A*  pf  daintreei. 


Anthrophyosis,  sp. 
Alethopterist  sp. 
A.  PodoBamites  elongatus* 
„         sp. 
Baiera  schencku 


In  this  list  the  letter  A  denotes  that  the  species  has  been  found  in  Aus- 
tralia, in  the  so  called  mesozoic  beds  of  Victoria,  Tasmania  or  Queensland, 
whose  exact  position  in  the  New  South  Wales  sequence  has  not  been 
fully  established.  The  two  species  of  Sphenopteris  have  been  found  in 
South  America,  and  only  one  species,  Thinnfeldia  odontopteroides^  a 
Pinchet  form,  has  been  found  in  India.  The  probability  that  these  beds 
represent  the  Pclnchet  group  has  just  been  referred  to,  and  the  presence 
of  this  plant  makes  the  suggestion  more  probable. 

»  R.  Lydekker,  Records,  XXIM,  19.  (1890). 
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It  will  be  seen  that  the  flora  of  the  Stormberg  beds  is  as  distinctly 
allied  to  the  Australian  one  as  those  of  the  lower  groups  are  ludiani  but 
Indian  affinities  reappear  in  the  next  succeeding  rock  group. 


In  the  neighbourhood  of  Algoa  bay  a  set  of  fossiliferous  shales  and 
sandstoneSi  known  as  the  Uitenhage  series,  of  no  great  thickness  and  not 
found  far  from  the  coast,  bears  much  the  same  relation  to  the  Karoo  sys- 
tem of  the  interior,  as  do  the  coastal  outliers  of  the  Rdjmahal  series  to 
the  lower  Gondw^nas  of  the  interior  of  the  Peninsula.  Like  these,  they 
are  of  marine  origin  and  have  yielded  marine  fossils,  which  were  at  one 
time  believed  to  indicate  a  lower  oolitic  age,'  but  have  since  been  shown  to 
be  neocomian,'  at  least  so  far  as  the  upper  beds  are  concerned. 

The  plant  remains  that  have  been  described  appear  to  have  been  pro- 
cured from  the  lower  beds  of  the  series.*  Unfortunately,  Dr.  Feistmantel 
did  not  live  to  complete  the  description  of  the  plants  of  this  series,  and  we 
have  only  the  earlier  description  of  a  more  limited  collection  by  Prof. 
Tate,  of  which  the  following  is  a  list*  :— 

FlLICES — 

Fecopierts  atherstonei. 

M  rubid^ei, 

„  afrtcana, 

„  lobaia. 

Sphenopterts  antipodum. 
CyclopUris  jenkinstana. 

Conifer  A — Arthrotaxiies. 

Of  these,  Pecopteris  lobata  is  a  Rijmahdl  form,  P.  atherstonei  dSiA  P, 
rybidgei  are  allied  to  Alethopteris  indica.  Cyclopteris  jenkinsiana  is  allied 
toC.  oldhamif  and  the  Arthrotaxiies  is  very  like  the  Rijmahil  Echino^ 
strohus  indie  us. 

The  alliances  of  the  Cycads  are  vague  and  appear  to  be  rather  with 
European  lower  oolite  than  with  Rijmahil  forms,  but  Pecopteris  lobata 
appears  to  be  the  commonest  plant,  and  C,  jenkinsiana  is  also  abundant 
On  the  whole,  however,  the  flora  is  distinctly  related  to  that  of  the  Rijmahal 
gi'oup,  though  the  resemblances  are  not  sufficient  to  establish  a  contem- 
poraneity of  origin. 

Having  detailed  the  facts,  so  far  as  they  bear  on  the  subject  in  hand, 
^e  can  now  proceed  to  the  discussion  of  the  age  of  the  different  rock 

groups. 


Cycadeacba — 

PaUpogamia  (Otosamites)  recta, 

„  (Podosamiies)  morrisii, 

„  rubidgei, 

„  (vel   Pterophyllum)   afri^ 

eana. 


'  R.  Tate,  Quart,  Jour.  CeoL  Soe,,  XXIII, 
»69,  (1867). 

*  Holub.  u.  Neumayr,  Denks.,  k.  k.  Akad, 
^«>n..  XLIV,  267,  (1882). 


•  Quart.  Jour.  GeoL    Soc^   XXIII,    147, 
(1867).    See  also  G.  W.  Stow,  Quart.   Jour. 
Geol.  Soc,  XXVn.  497.  ('87i). 

«  Quart.  Jour.  GeoL  Sue.,  XXIII,  I44i  (^^1)- 
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To  begin  with,  we  find,  in  Africa,  India,  and  Australia  alike,  certain 
beds  containing  abundant  and  conspicuous  traces  of  glacial  action.  The 
plant  remains  show  that  in  South  Africa,  in  the  Indian  Peninsula,  and  in 
Victoria  these  are  of  approximately  the  same  age,  and  marine  fossils  show 
the  same  with  regard  to  the  beds  in  New  South  Wales  and  the  Salt  range. 
The  deposits  in  every  case  were  formed  during  a  period  of  great  cold,  which 
was  succeeded  by  a  much  more  temperate  climate,  and  it  is  almost  impos- 
sible to  doubt  tiiat  this  wide  spread  change  of  climate  must  have  been  due 
to  some  far  reaching,  if  not  cosmic,  cause.  It  is  consequently  justifiable 
to  use  these  glacial  deposits  for  the  purpose  of  correlation,  and  to  conclude 
that  the  boulder  beds  of  the  three  continents  were  formed  contempora- 
neously. 

In  this  way  we  at  once  find  in  the  marine  fossils  of  New  South  Wales 
and  the  Salt  range  a  means  for  determining  the  homotaxis  of  the  Talthir 
group.  The  former  were  once  regarded  as  lower  carboniferous  in  age,  but 
the  bulk  of  the  lower  carboniferous  species  they  contain  range  through  the 
whole  of  the  epoch.  The  absence  of  the  group  of  Productus  giganteus^ 
and  the  presence  of  the  genus  Strophalosia^  point  to  a  newer  horizon,  and 
they  are  now  looked  upon  as  upper  carboniferous  or  somewhat  newer.^  The 
reasons  for  ascribing  a  similar  age  to  ihe  Salt-range  boulder  beds  have 
already  been  given. 

The  Barakar  group  in  India  and  the  Beaufort  beds  in  South  Africa  agree 
so  closely  in  their  stratigraphical  relations  to  the  glacial  boulder  beds^  and 
in  their  fossil  plants,  that  they  are  clearly  equivalent  to  each  other.  In 
the  case  of  the  Newcastle  beds  of  Victoria,  though  the  palaeontological 
agreement  with  the  Barakar  group  is  less  close,  the  stratigraphical 
relations  are  equally  intimate,  and  there  can  be  little  doubt  that  there 
is  no  great  divergence  in  the  homotaxis  of  the  two  groups.  The  strati- 
graphical connection,  between  the  Newcastle  beds  and  the  underlying, 
marine  carboniferous  deposits,  is  too  close  to  allow  of  any  great  interval 
of  time,  and  the  Newcastle  beds  and  Barakars  cannot  well  be  newer  than 
permian.  In  the  Salt  range  a  similar  stratigraphical  position  is  occupied 
by  the  lower  division  of  the  Productus  beds  which  are  separated  from 
the  boulder  beds  of  Talchir  age  by  the  speckled  sandstones.  If  not  the 
equivalent  of  the  Barakar  group,  they  cannot  be  nr.uch  older.  Their  age 
has  already  been  established  as  corresponding  to  the  permo-carboniterous 
of  the  Ural  mountains,  and  it  is  noteworthy  that  the  flora  of  this  age  in 
eastern  Russia  is  as  essentially  and  typically  palaeozoic  as  the  contem- 
poraneous Barakar  or  Karharbiri  flora  is  mesozoic* 


>  W.  Waagen,  Jahrh,  K.  K,  Geol,  Reichs. 
Wun,  XXXVII.  163,  iiSSy) ;  Records,  XXI. 
106,  (1888)  .    See  also  Pal.  Ittdica,  series  xiii, 


IV.  153,  (1890). 

*  See  Pal,  Indicaf  series   xiii,  IV,   I75» 
(1890). 
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.s  we  ascend  the  sequence  the  evidence  gets  less  satisfactory.     The 

prob>sible  equivalence  of  the  Pinchet  group  with  the   Hawkesbury  beds  of 

Victoria  and  the  Stormberg  beds  of  South  Africa  has  already  been  referred 

to.  The  fauna   of    the   Beaufort  beds,    once  regarded    as    permian,    is 

now      more  usually   looked  on  as  triassic,  but  the  evidence  is  -not  con- 

clusi^e.     In  the  Salt  range  no  certain  equivalent  of  the  Pinchets  can  be 

det^c:ted,  though  it  is  possible  that  the   base  change  of  fauna  at  the  top  of 

the   Ceratite  beds  was  due   to  a  change  of  ocean  currents   caused  by,  or 

the    crause  of,  that  change  of  climate  which  is  indicated  in  the  P^nchet  and 

Ha^^rkcsbury  beds.      This  suggestion  would  harmonise  with  the  conclu- 

sior^^  that  have    been   drawn  from  the  study  of  the  animal  remains  of  the 

Pic^ohet  group. 

TThe  age  of  the  Rijmah^l  group  must  remain  uncertain  till  the  marine 
fossils  of  the  outliers  on  the  east  coast  have  been  determined.  It  is  older 
than  the  Tripetty  sandstones  from  which  Trigonia  smeei  and  T,  ventricosa 
were  obtained,  both  of  which  occur  in  the  Umia  group  of  Cutch,  and  the 
last  named  also  in  the  neocomian  beds  of  the  Uitenhage  series.  The 
cephalopoda  of  the  Sripermatur  group  were  believed  by  Dr.  Waagen  to 
have  a  neocomian  facies,  but  the  specimens  are  too  ill  preserved  for  very 
grea.t  value  to  be  attached  to  this  determination.' 

Indirectly  we  can  form  some  sort  of  a  guess  at  the  age  of  the  Rdjmahdl 
group,  for  the  plant  beds  of  Cutch  overlie  beds  containing  a  marine  fauna 
which  represents  an  upper  oolitic  (portlandian)  horizon,  and  underlie  a 
bed  of  ferruginous  oolite  of  neocomian  or  aptian  age.  The  lower  oolitic 
lacies  of  the  flora  has  been  mentioned,  but  in  view  of  the  uncertainty  that 
atta.ches  to  palaeobotanical  evidence,  when  large  distances  intervene,  and 
^^^  distinctness  of  that  afforded  in  the  present  case  by  the  marine  fossils,  it 
»s  impossible  to  regard  the  Cutch  plant  beds  as  older  than  upper  oolite 
^Wle  they  may  verge  into  the  neocomian  period.  The  Jabalpur  group 
^hich  is  closely  related  to  the  Cutch  plant  beds,  becomes,  consequently, 
"i»ddle  oolite  at  the  oldest,  and  the  Rijmabdl  series  ranges  backwards 
from  that,  throwing  the  Rijmahil  group  of  the  Rijmahdl  hills  into  the 
lower  oolite  or  even  the  lias. 

Taking  everything  into  consideration,  we  may  then   accept  the  corre- 
lation indicated  below  as  approximately  representing  the  true  interpreta- 
tion of  known  facts.     Two  important  reservations  must,  however,  be  made 
in  this  connection.     In    the    first   place   the  suggestion  made  by    Mr.    H. 
^'  Blanford*  in  1875,  that  the  Talchir  boulder  bed  was  contemporaneous 
^'*th  the  permian  glacial  deposits  of  England,  has  never  been  absolutely 
disproved,  and  as  recent  investigations  have  shown  that  the  supposed  lower 
carboniferous  deposits  of    Australia  are  newer  than  they  were  formerly 

'  Quart,  Jour,  Geol,  Soc,  XXXI,  528,  (1875). 
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Tabular  Statement  of  the  probable  equivalence  of  the  Upper  f 
and  Lower  Mesozoic  rocks  of  India,  Africa  and  Australt 


Europe. 

India. 

New  South  Wales. 

South 

Upper  Oolite    . 

Umia. 

Middle  Oolite  . 

Jabalpur. 

Lower  Oolite     . 

KoU-Mal4rf. 

Lias         •         •         • 

Rajmtfh&l. 

Rhsetic     • 

Mah^eva 

Wianamatta. 

Trias        .        . 

Prfncbet 

• 

Hawkesbury  • 

Stormbei 

Permian 

Permo-  Carbonif  erou  s 

Rtfniganj           .      ^ 
Barakar            •      / 

Newcastle        « 

Beausfor 

Upper  Carboniferous 

Talchir             .         , 

Lower  coal  measures 
and  associated  mar- 
ine beds. 

Ecca. 

considered  to  be,  it  is  still  possible  that  this  may  be  the  true  eqi: 
in  which  case  the  Fclnchets  might  be  of  rhaetic  age,  as  their  flora  i 
In  the  second  place  the  correlation  of  the  Rijmahdl  group  with  t 
open  to  question.  Dr.  Waagen's  statement  regarding  the  neocomi 
of  the  Sripermatiir  cephalopoda  cannot  in  itself  carry  any  w< 
account  of  the  very  imperfect  and  ill  preserved  material  he  ha< 
with,  but,  taken  in  conjunction  with  the  palaeontological  connecti 
Rijmahil  flora  with  that  of  the  lower  beds  of  the  Uitenhage  seri< 
upper  beds  are  now  regarded  as  neocomian,  it  is  strongly  sugges 
later  age  for  the  Rdjmahil  beds  than  is  indicated  in  the  table,  1 
ontological  grounds  on  which  the  Rijmabdl  is  considered  older 
Jabalpur  group  have  been  referred  to  in  the  last  chapter,  whc 
shown  that,  looked  at  from  a  purely  local  point  of  view,  it  is  more 
that  the  difference  between  the  two  floras,  and  their  admixture  in  1 
Mal6ri  group  and  the  upper  members  of  the  outliers  on  the  east 
due  to  a  difference  in  age  than  to  a  mere  difference  of  situation 
reasons  are  not,  however,  conclusive,  and  it  seems  possible  tha 
amination  of  the  marine  fauna  of  the  east  coast  outliers  would  shov 
Rdjmahdl  beds  are  newer  tlian  has  been  supposed,  and  that  the  di 
between  the  Rdjmahdl,  Jabalpur,  and  Cutch  floras  do  not  indicate  s 
periods  of  time  so  much  as  divergent  conditions  of  soil  or  climate 
in  different  parts  of  the  continent  on  which  the  beds  of  the  G 
system  were  deposited.     Further,  there  are  grounds  for  taking  i 
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gtowM  ])  out  of  the  Jurassic  system  and  placing  it  at  the  base  of  the  cretace- 
ous^    since  its  stratigraphical  connection  with  the  overlying  beds,  containing 
lipp^^T  neocomian  ammonites,  is  as  close  as  with  the  underlying  Katrol 
groLM  -gp,  whose  age  is  regarded  as  upper  oolite  (Oxford).     Though  it  is  im- 
prot^>^able  in  either  case  that  the  Cutch  groups  are  exactly  contemporaneous 
with»       the  groups  they  have  been  referred  to,  on  the  strength  of  their  marine 
faurm  ^at,  there  is  ample  room  between  the  possible  limits  of  error  to  allow  of 
the   "t-Jmia  group  being  either  lowermost  neocomian  or  uppermost  oolite, 
and      -the  occurrence  of  Uitenhage  neocomian  Trigonias  in  the  Tripetty  beds, 
whi^z-liare  probably,  and  the  Katrol  beds  which  are  certainly,  slightly  older 
lenci  ^^  some  support  to  a  correlation  with  newer  beds  than  that  adopted. 

I  ^  will  be  seen  from  this  that  there  are  grounds  for  shifting  the  whole 

o(tlm<;  Gondwina  groups  a  step  higher  in  the  sequence  than  the  positions 

tbe5^     occupy  in  the  tabular  statement,  but  the  commencement  will  still 

teti^^in  in  the  palaeozoic  era,   whence  the  system  ranges  throughout  the 

low^¥  half  of  the  mesozoic  era  well  into   its  upper  portion. 

-A.  part  from  these  elements  of  uncertainty  regarding  the  exact  correlations 

ol  ^lie  different  rock  groups,  the  tabular  statement  does  not  truly  represent 

their  relations  of  the  different  rock  groups  in    point  of  time.      It   has   been 

necessary  to  space  the  rock    groups  equally,  as 'it  is  quite  impossible  to 

determine    what  relation  the  periods  they  respectively  represent  may  bear 

to  each  other,  though  it  is  quite  certain  that  they  are  far  from  being  equal 

or  nearly   so.     Apart  from  this,  and  with   the  reservations  already   made, 

tte  table  may  be  taken  as  representing  the  nearest  approach  to  the  truth 

^'hich  is  at  present  possible  of  attainment,  and  equivalence  adopted  as  that 

^'^ich  appears  to  agree  best  with  the  known  facts,  taken  as  a  whole. 


The  comparison  of  the  South  African  and  Indian  Gondwdna  floras  is  of 
^^s  importance  and  interest  from  the  point  of  view  of  establishing  their 
^pniotaxis  than  as  indicating  a  former  distribution  of  land  and  sea  very 
afferent  from  what  now  exists.  Naturalists  have  before  now  appealed  to 
*Ormer  land  area  stretching  across  what  is  now  the  Indian  Ocean,  to 
'plain  certain  relationships  between  the  living  fauna  of  the  Indian 
-x^  insula  on  the  one  hand,  and  South  Africa  and  Madagascar  on  the  other, 
^  the  name  Lemuria,  given  to  this  suppositious  continent,  is  familiar  to 
^x^y.  The  hypothesis  has  of  late  years  been  discredited,  at  least  in  the 
.  ^^^"rnin  which  it  was  first  propounded,  and  for  the  purpose  it  was  originally 
^^^'^^nded  to  serve,  and  the  most  distinguished  of  the  authors  who  have 
^""^  ted  this  subject,  Dr.  A.  R.  Wallace,  has  not  only  denied  the  neccs- 
of  appealing  to  any  land  connection  in  order  to  explain  the  pecu- 
ities  in  the  distribution  of   living  animals,  but  has   declared'  that  the 


1  «« 


Island  Life,"   ed.  i83o,  11.418. 
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fauna  and  flora  of  the  Mascarene  islands,  lying  betweeh  the  two  con- 
tinents, is  such  as  to  preclude  the  possibility  of  their  being  the  remnants 
of  an  ancient  continent,  as  was  supposed  by  the  behevers  in  Lemuria.  Dr. 
VV.  T.  Blanford  has,  however,  not  only  shown  that  the  facts  are  not  fully 
stated  in  Dr.  Wallace's  book,  but  has  shown  that  the  actual  distribution  of 
certain  genera  of  birds,  fishes,  reptiles,  and  land  mollusca,  are  strongly 
suggestive  of  a  stretch  of  dry  land  having  formerly  extended  from 
Southern  India  to  Madagascar.^  The  question  is  a  complicated  one,  but 
even  if  Dr.  Wallace's  conclusion  is  granted,  it  no  ways  justifies  the  much 
wider  inference  he  has  drawn  in  support  of  the  somewhat  popular  hypothesis 
of  the  permanence  of  continental  and  oceanic  areas,  and  is  quite  consist- 
ent with  the  existence  of  an  Indo-African  continent  in  pretertiary  times. 

The  facts  that  have  been  detailed  regarding  the  fauna  and  flora  of  the 
Karoo  system  show  that  there  is  a  closeness  of  relation,  amounting  to  iden- 
tity and,  extending  throughout  the  whole  of  the  Talchir  and  Damuda  periods, 
which  is  inexplicable  unless  there  had  been  a  continuous  land  communication 
alonp:  which  the  plants  could  freely  migrate  between  two  areas,* 
And  the  conclusion  is  vastly  strengthened  when  we  remember  that  through- 
out the  greater  part,  if  not  the  whole,  of  this  period,  a  very  different  type 
of  flora  was  flourishing  in  Europe  and  North  America, 

Whether  the  comparative  absence  of  Indian  forms  in  the  flora  of  the 
Stormberg  beds  indicates  a  break  up  of  this  land  connection  and  the 
establishment  of  free  communication  with  what  is  now  Australia,  it  is  difficult 
to  decide,  but  if  broken  up,  the  presence  of  the  Indian  forms  in  the  Uiten- 
hage  series  suggests  that  the  connection  must  once  more  havje  been 
established.  .It  is  true  that  only  one  species  is  identical  in  the  two  areas,  but 
after  allowing  for  the  uncertainty  of  the  alliances  of  fossil  species  of  plants, 
the  connection  between  the  two  floras  seems  to  be  real,  and  the  differences 
are  such  as  would  naturally  follow  from  a  difference  in  their  age. 

The  indications  of  a  former  Indo-African  land  area  do  not  cease  with 
the  Gondwina  epoch.  From  a  study  of  the  Jurassic  fauna  of  the  world, 
Neumayr  came  to  the  conclusion  that  a  land  barrier  must  have  stretched 
from  Africa  to  India  during  that  period,  separating  two  distinct 
faunas.'  This  conclusion  was  especially  founded  on  the  study  of  the 
neocomian  fauna  of  the  Uitenhage  series,  and  has  lately  received  a 
strong  confirmation  in  the  identification  of  four  species  of  Belemnites  from 


*  Proe.  Geol.  Soc.  Lortd.t  1890,   Presidential, 
address  p.  83. 

«  Dr.  A.  R.  Wallace  («'  Island  Life,"  p.  398) 
speaks  of  the  *' fragmentary  evidence  derived 
from  such  remote  periods"  and  the  futility  of 
the  notion  that  "a  similarity  in  the  production 
of  widely-separated  continents  at  any  past 
epoch  is  only  to  be  explained  by  the  existence 


of  a  direct  land  communication."  As  may 
be  seen  from  what  has  gone  before  and  what  is 
to  follow,  he  hardly  appears  to  have  appre- 
ciated the  full  weight  of  the  evidence.  The 
subject  has  been  treated  of  by  Dr.  W.  T.  Blan- 
ford in  his  presidential  address  to  the  Geolo* 
gical  Society,  1890. 

«  Denkichr,  k.   k.   Ak.    Wiss,    Wien,   L,   132, 
(1885). 
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Madagascar.*  Three  of  tliese  belong  to  the  group  of  Notocceli^  a  group 
which  is  typical  of  his  equatorial  fauna,  while  the  fourth  belongs  to  the 
f/rtsiati^  a  group  which  is  distinctly  southern  in  Europe.  The  only  Bciem* 
n€ie^  in  the  Uiteohage  beds  is  not  only  different  from  any  of  the  Mada- 
gasc3,c-  forms,  but  belongs  to  the  group /4iy^/«//,  which  is  typical  of  the 
boreal  regions  in  the  northern  hemisphere.  The  inference  from  this  is 
that  tlie  neocomian  beds  of  northern  Madagascar  w^re  deposited  in  an 
extension  of  the  tropical  sea,  while  those  of  the  extreme  so^ith  of  Africa 
were   formed  in  a  different,  probably  colder  ocean.* 

Tills  barrier  does  not  seem  to  have  been  absolutely  continuous 
thro^ighout  the  Jurassic  period^  or  there  may  have  been  a  mode  of  communi- 
cation round  the  north  of  the  Peninsula  of  India  by  which  some  migration 
toolc  place,  and  so  the  presence  of  a  few  Cutch  species,  which  are  also 
(ourftd  on  the  east  coast  of  India  and  in  South  Africa,  is  accounted  for. 

In    cretaceous  times  the  evidence  is  even  stronger.     The  fauna  of  the 
cretaceous  (cenomanian)  beds  of  Blgh  is  closely  allied  to  that  of  Arabia  and 
Europe,  but  is  as  distinct  from  that  of  the  cretaceous  beds  in  Trichinopoli 
as  is  possible  in  the  case  of  two  homotaxially  equivalent  faunas.     But  the 
Tricliinopoli  cretaceous  fauna  is  very  closely  allied  to   that  of  the   Khclsi 
hills  and  of  South  Africa,  showing  that  these  areas,  which  are  separated 
from    each  other  by  distances  much  greater  than  that  which  divides  the 
^i^hinopoli  and  Bigh  exposures,  were  parts  of  one  marine  province,  and 
the     difference  of  the  fauna  from  that  of  the  lower  Narbadi  valley  can 
only  be  explained  by  the  existence  of  aland  barrier,  separating  the  sea  in 
^  "icli  the  Trichinopoli,  Khisi,  and  South  African  fauna  lived,  from  that  in 
^'*^»oli  the  Narbadd,  Arabian,  and  European  cretaceous  beds  were  deposited.* 
We  see  then  that  throughout  the  later  part  of  the   palaeozoic  and   the 
whole  of  the  mesozoic  era,  there  was  a  continuous  stretch  of  dry  land  over 
^^^t  is  now  the  Indian  Ocean,  which  finally  broke  up  and  sank  beneath 
^^  s^a  in  the  tertiary  period. 

This  conclusion  has  an  important  bearing  on  the  generally,  though  not 

universally,    accepted   doctrine   of    the   permanence   of    continental   and 

^^^a.iiic  areas.     It  is  claimed,  by  many  geologists  of  eminence,   that  the 

^^^I>  oceanic  areas  of  the  present  day  have  been  oceans  throughout  the 

^^'■^ole  of  the   period   represented  by  the  sedimentary  formations  of  the 

geological  sequence,  and  that,   if  we  except  small  volcanic  islands  rising 

^^om  the  depths  of  the  ocean,  the  dry  land  of  every  geological  period  was 

^^^fined  to  the  present  dry  land  and  the  shallower  parts  of  the  sea  sur- 

^^^oding  it. 


Quart.  Jour.  Geol.  Sot.,  XLV,  333,  (1S89). 

^eu€i  Jakrh.  Afin,  Geol.f  1890,  Band  I,  p.  i; 
^T.  Blanford,  Quati.  Jour.  Geol.  Soc,  XLVI, 
Proceedings,  p.  98,  (1890).  The  evidence  is 
g^od  for  the  distinctness  of  the  marine  areas, 


but  the  climatic  infermces  are  vitiated  by  th« 
possibility  of  there  having  been  extensive  al- 
terations of  latitude  since  th^se  beds  were  dc« 
posited  (vide  infra). 
'  See  pp.  J?47,  25a. 
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The  soundings  that  have  been  made  in  the  Indian  Ocean  are  not  so 
numerous  as  to  preclude  the  possibility  of  there  being  a  bank  connecting 
India  and  Africa,  which  would  allow  a  bridge  of  dry  land  having  existed 
without  imperilling  this  popular  theory,  but  there  are  no  indications  of  the 
existence  of  such  a  bank,  and  the  Indian  Ocean  is  generally  regarded  by 
the  supporters  of  the  hypothesis  as  one  of  the  original  oceanic  areas  of 
the  world.  So  the  conclusion  we  have  to  draw  from  known  and  accepted 
facts  is  in  conflict  with  an  hypothesis  which  has  much  to  be  said  in  its 
favour  and  has  the  support  of  many  of  the  most  eminent  geologists  of  the 

day. 

But  this  hypothesis  is,  consciously  or  unconsciously,  to  a  large  extent 
bound  up  with,  and  based  on,  ideas  relative  to  the  constitution  of  the  earth 
as  a  whole,  which  represent  it  as  either  solid  throughout,  or  at  any  rate  as 
having  a  solid  crust  whose  thickness  is  very  considerable  in  proportion  to 
the  whole  diameter  of  the  earth.  And  one  of  the  consequences  that  follow 
on  this  theory  of  the  constitution  of  the  earth  is,  that  there  cannot  have 
been  any  great  changes  in  the  direction  of  the  earth's  axis  of  revolution, 
or  changes  of  latitude  of  places  on  its  surface  caused  by  the  shifting  of  the 
superficial  crust  over  the  internal  core. 

Here  again  we  find  the  facts  in  conflict  with  a  generally  accepted  hypo- 
thesis, which  is,  however,  being  gradually  discredited  in  later  years.  What- 
ever may  be  the  cause  of  these  cold  periods,  of  which  two  are  now  well 
established  in  the  geological  history  of  the  world  and  several  more  are 
less  completely  indicated,^  there  can  be  no  doubt  that  their  effects  will  be 
more  widespread,  more  extensive,  and  their  traces  more  conspicuous  in 
high  latitudes  than  in  low.  Yet  the  remains  of  this  carboniferous  glacial 
period  so  conspicuous  in  India,  Africa,  and  Australia,  all  lie  within,  or  only 
just  beyond,  thirty  degrees  from  the  equator.  The  furthest  from  the 
equator  lie  in  latitudes  where  the  last  glacial  period,  of  pleistocene  times, 
has  left  but  few  traces  at  low  altitudes,  and  those  of  a  somewhat  doubtful 
character,  while  most  of  the  remains  are  in  latitudes  to  which  the  ice  of 
the  pleistocene  glacial  period  never  penetrated,  and  many  are  well  within 
the  tropics. 

At  the  same  time  the  corresponding  deposits  not  merely  of  the  temperate 
clime  in  Europe  and  America,  but  even  within  the  Arctic  circle,  in  which 
one  would  expect  the  traces  of  this  cold  period  to  be   more  abundant 
more  extensive,  and  more   conspicuous,  are   almost   free   from   traces   of 
glacial  action.     Boulders  of  rock  imbedded   in    fine  silt  have  been  found 
and  some  have  shown  a  striation  believed  to  be  due  to  the  action  of  ice 
but  they  are  sporadic  and  indicate  that  the  carboniferous  beds  of  Enoland 
and  Europe,  in  which  they  were  found,  lay  in  a  latitude  which  was  near  the 
limit  which  the  floating  icebergs  could  reach  before  melting. 

].  Croll  i  •'  Climate  and  Time,"  London,  1875,  Chap.  XVIII.    See  also  pp.  106,  346,  k.  /. 
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If     we    compare   this    with   the  very   distinct   evidence   that   glaciers 

desoerded  to  low  altitudes  in  the  Penganga  valley  and  the  great  desert  of 

R^jputlna,  the  contrast  is  not  only  striking  but  inexplicable,  unless  there 

has  been  a  very  considerable  change  of  tlie  position  of  the  earth's  surface 

relative  to  the  present  position  of  the  poles. 

There   is  independent  evidence  that   similar  changes  of  latitude  are 
actually  taking  place  at  the  present  day,  in  the  records  of  all  the  principal 
observatories  of  Europe  and  America.^     The  justice  of  the  conclusion  has 
been     questioned  and   the  variations  have  been  ascribed  to  instrumental 
^*''^^rs  and  errors  of  observation,  but  their  consensus  is  so  strong  that  this 
appears  to  be  out  of  the  question,  and  their  accuracy  has  to  a  great  extent 
"^^'i    confirmed  by  a  series  of  observations  recently  made  at  Honolulu.' 
In   f  aot,  the  only  grounds  for  questioning  the  possibility  of  changes  of  lati- 
tude   on  the  earth's  surface  are  based  on  those  hypotheses  regarding  the 
constitution  of  the    earth   which    have   been    referred  to.      These   hypo- 
theses, however,  are  not  based  on  direct  observation,  but  on  mathematical 
"^^^^oning   of  a  very  brilliant  nature  which,  to  quote  Prof.  Huxley's  well 
kao^^n  simile,  is  a  mill   that  grinds  very   fine,  but  can  only  grind  what 
|s     put  into  it.     In  the  present  case  the  fundamental  data  on  which  the 
investigations  were  based  are  uncertain,  and  the  conclusions  must  con- 
secjuently  be  questionable.  This  view  has  frequently  been  verbally  accepted, 
arici     more  recent  investigations  have  gone  far  to  modify  the  earlier  ones, 
y^^     such   is   the  glamour  of  genius,  and   such  the    natural    tendency    of 
^'^^n  nature  to  mistake  precision  for  accuracy,  and  to  prefer  a  definite 
statement  to  a  guarded  inference,  that  the  idea  of  the  general  solidity  of 
^  ^arth,  with  its  consequences,  that  very  extensive  changes  in  its  form,  or 
^    position  of  its  surface  relative  to  its  axis  of  revolution,  are  impossible, 
^^^   the  limitation  of  the  period  which  has  elapsed  since  the  earth's  surface 
"^d     cooled  sufficiently  to  support  life  and  to  admit  of  the  deposition  of 
^^^ioary  sediments,  to  a  comparative  few  millions  of  years,  have  exerted 
^^  I  Influence   on   the  speculations   of  physical  geology  none  the  less  im« 
P^^tant  because  usually  unconscious. 

It  has  already  been  stated  that  some  of  the  more  recent  mathematical 
^'l^v^stigations  have  tended  to  show  the  uncertainty  of  the  earlier  conclu- 
s^orks,  and  in  one  of  the  most  recent  and  philosophical  of  these. ^  the  Revd. 
^*  f^isher  has  almost  returned  to  the  old  idea  of  a  thin  crust  lying  on  a 
"molten  interior.     According  to  him   the  actual  solid  crust  of  the  earth  is 


'^saph  Hall,  Am,   Jour,  Set.,  3rd  series, 

XK IX  223,  (1885)  ;   R-  D.  Oldham,  Geol.  Mag., 

3'd    fiecade.  111,300,  (1886) ;  G.  C.  Comstock, 

Am,    5otty.5t,-.^  3rd  series.  XLII.  470.(1891). 

Fhnders  Petrie's  observations  ('  Pyiamids  and 

'^«»«*plcsofGhi«eh,"  London,  18S3,  p.  125)  are 


important,  as  showing  a  distinct  change  c£ 
azimuth,  and  probably  of  latitude,  sines  the 
pyramids  were  built. 

"  Pro€.  Roy,   Soc.,    U,   227,  (1891). 

»  O.  Fisher,  Physics  of  the  Earth's  Crust 
London,  ist  edn.,  1881  ;   3nd  edn.,  188^. 
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comparatively  rcrjr  thin,  not  exceeding  25  to  30  miles  in  thickness,  and 
rests  on  a  magma  which,  in  its  essential  characters,  must  be  regarded  as 
a  fluid.  What  may  be  the  condition  of  the  great  mass  of  matter  forming  the 
central  core  of  the  earth  is  anknown  and  immaterial,  but  if  Mr.  Fisher*s 
theory  of  the  earth's  crust  is  correct,  it  not  only  allows  of  changes  of  lati- 
tude having  taken  place,  but  renders  it  exceedingly  improbable  that  they 
have  not  taken  place.  In  this  respect  il  agrees  better  with  the  observed 
facts  than  the  more  usually  held  hypothesis,  and  we  will  see,  when  the 
Himdiayan  range  is  dealt  with,  that  this  is  not  the  only  respect  in  which  a 
coaiirnialion  af  his  tlieory  can  be  derived  froim  the  facts  o£  Indian  geology. 


CHAPTER  IX. 

MARINE  JURASSIC   ROCKS. 

C"ttrh — Western    R4jputilna--Salt  ranpe- Himdiayas-Afghdnisidn- Doubtful    jurassics    of 

western  GarhwdL 

With  the  exception  of  the  fossiliferous  upper  Gondwina  beds  of  the  east 
coast,  referred  to  in  a  previous  chapter,  no  marine  beds  of  Jurassic  age 
^re  known  to  occur  in  the  peninsular  area  proper,  and  even  as  regards  these 
^t  IS  still  uncertain  whether  they  should  not  be  regarded  as  more  recent 
in  their  origin.  But  in  the  debateable  tract  lying  east  of  the  Indus  and 
west  of  the  Ar^vallis,  marine  Jurassic  rocks  attain  a  large  development 
*n  Cutchand  in  western  Rdjputdna. 


The  Jurassic  area  of  Cutch^  may  be  considered  as  occupying  a  number 
^*  post-tertiary  islands,  now  connected  by  alluvial  flats.  The  largest  of 
^"♦^se  islands,  that  forming  the  western  and  central  portion  of  Cutch,  is 
^bout  a  hundred  and  twenty  miles  long,  from  east  to  west,  by  about  forty 
broad.  To  the  north-east  of  it  is  the  district  ol  Wdgad,  another  ancient 
island  nearly  fifty  miles  from  east  to  west,  and,  excluding  alluvium  and 
*^ann,"  twenty-five  miles  broad.  Farther  north  four  isolated  masses  of 
"UIs,  chiefly  composed  of  lower  Jurassic  rocks,  extend  in  a  line  nearly  a 
hundred  miles  in  length  from  east  to  west.  These  are  the  so  called  islands 
^^    the  Rann,*   Patcham,  Kharir  (Khurreer  or  Kurreer),  Bela  and  Chorar. 


The  account  of  this  province  is  taken  partly 

^^^rn  a  report  by  Mr.  Wynne,  Memoirs,  XI,  pp. 

^93,(  1872),  and  partly  from  manuscript  notes 

°y  the  late  Dr.  Stoliczka.  The  Cephalopoda  have 

7^^»»  determined  by  Dr.  Waagen,  and  described 

^•^  the  Pal.   Indicas    series  ix,    (1873-75).     It 

*^ou:d,  perhaps,  be  noticed  that  Dr.  Waagen's 

^**wa  of  specific  distinction  differ  from  those  of 

"^»y  palwontologists,  and  that,  as   he    points 


species  might  by  other  naturalists  not  be  con- 
sidered to  rank  higher  than  varieties. 

'  The  "  Rann  **  of  Cutch  is  an  immense  tract 
surrounding  the  province  on  all  sides,  except 
the  south,  and  consisting  of  barren  salt  marsh 
periodically  overflowed  by  sea  water.  This 
tract,  which  is  Evidently  an  ancient  sea  basin 
now  filled  up  by  alluvial  deposits,  will  be  fur- 
ther   described  in   a   subsequent  chapter   on 


^^*»  several  of  the  forms  described  by  him  as    po^l-tertiary  and  recent  deposits. 
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A  few  smaller  islands  also  occur,  but  none  of  them  are  of  sufficient  size 
to  be  worthy  of  notice. 

None  of  the  rocks  found  in  Cutch  and  the  adjoining  islands  are  of  older 
date  than  Jurassic.  In  one  spot  some  limestones,  containing  upper  neo- 
comian  Cephalopoda^  are  found  resting  upon  the  Jurassic  series,  the 
uppermost  group  of  which  may  perhaps  itself  be  of  intermediate  age,  and 
belong  in  part  to  a  lower  neocomiau  horizon.'  In  general,  the  upper 
Jurassic  beds  disappear  to  the  south  beneath  the  Deccan  traps,  but  marine 
tertiary  beds  (nummulitic)  overlap  the  traps  and  rest  upon  the  older  series 
in  many  parts  of  the  country,  both  traps  and  nummulitic  beds  being  quite 
unconformable  to  the  Jurassic  formations. 

The  lowest  beds  are  seen  dipping  to  the  south  in  the  Rann  islands, 
and  are  locally  exposed  in  an  anticlinal  which  runs  along  the  noitheru 
edge  of  the  province,  the  intervening  synclinal  being,  for  the  most  part, 
concealed  beneath  the  Rann.  From  the  anticlinal  near  the  Rann  there 
is  a  general  dip,  varying  in  amount,  to  the  southward.  The  greater 
portion  of  the  series  is,  however,  repeated  twice  in  consequence  of  a  great 
fault,  which  runs  from  east  to  west  along  the  northern  scarp  of  the 
Ch^rwdr  range  of  hills  south  of  Bhuj. 

By  the  earlier  observers,  including  Mr.  Wynne,  the  Jurassic  scries  in 
Cutch  was  simply  divided  into  a  lower  and  an  upper  group,  the  former 
chiefly  marine,  the  latter  apparently  fresh  water  for  the  most  part,  though, 
as  was  shown  clearly  by  Mr.  Wynne,  no  marked  line  of  division  can  be 
drawn,  for  not  only  is  there  an  absence  either  of  unconformity  or  of  any 
marked  break  in  lithological  character  between  the  two  subdivisions,  but 
marine  beds  are  occasionally  found  inter  strati  Red  with  the  upper,  and 
plant  beds  with  the  lower  group.  The  examination  of  the  Cephalopoda 
by  Dr.  Waagen  indicated  the  probability  that  representatives  of  several 
European  Jurassic  groups  existed  in  Cutch,  and  Dr.  Stoliczka,  re-examining 
the  beds  with  the  aid  of  Mr.  Wynne's  geological  map  and  his  own 
knowledge  of  palaeontology,  found  no  difficulty  in  distinguishing  four  sub- 
divisions, the  three  lower  of  which  had  been  included  in  the  inferior  or 
marine  group  of  previous  observers,  whilst  the  upper  comprised  the  higher 
fresh  water  beds,  with  the  uppermost  marine  strata.  The  names  of  the 
groups  proposed  by  Dr.  Stoliczka,  with  their  homotaxial  equivalents 
amongst  European  formations,  are  exhibited  on  the  opposite  page. 

The  whole  thickness  of  the  Cutch  Jurassic  series  has  been  estimated  by 
Mr.  Wynne  at  6,300  feet,  of  which  3,000,  or  very  nearly  half,  belong  to 


*  Dr.  Stoliczka  unfortunately  did  not  live  to 
publish  the  results  of  his  examination  of  Cutch, 
but  from  his  rough  field  notes  it  appears  prob- 
able that  the  upper  neocomian   bad  of  Ukr« 


(iif/rfl,  p.  286)  is  conformable  to  the  underlying 
Umia  beds.  He  does  not  precisely  slate,  haw- 
ever,  what  are  the  relations  of  the  upper  bed  to 
the  lower  at  this  &pot. 
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CUTCH. 


EUROPK. 


GROOPi. 


Utf>A 


A 


Bbd^ 


I.  Beds   with    Cfioceras  ^x\^  Ammo- 
nites  of  the  rhotomagensis  group. 

2.  S;<ndston?s   and   shalesi  with    Cy- 
cadea  and  other  plants. 


Zones. 


Croup. 


Katrol,  ( 


Sandstones  and  conglomeratefi 
with  marine  fossils,  Ammonites 
{Perisphinctes)  eudichotomt1s.f1  e* 
guenSf  Irigonia  smeei,  T.  vett' 
tricosa  etc. 


Upper  Tithonian 
Lower  Tithouian 


Cretacbous. 
Upper  Isieocoviian, 

?  Wealdkn. 


Upper  jurassic. 

Tithonian    and 

rottland. 


Sandstones  and  shales  with  Am. 
{Phy'loceras)  ptychoicus,  A  (Op- 
pelia)  iraehynotus^A.  {Perisphinc- 
tes)  torquatus,  pottingeti,  etc. 


Zone   of   A.^  {Petisph ) 

mutabilis. 
Zone  of  A.  \Oppelia) 

tenuilobatus. 


5.  Red  ferruginous  and  yellow  sand- 
stones (Kantkot  sandstones) 
with  Am.  yStephanoceras)  may  a, 
A,  (Aspidoceras)  perarmatus,  A, 
(Perisphinc te^)  virguloides^  leio* 
cymon. 


6.  Oolites  (Dhosa  ool  te)  with  Am. 
(Stephanoeeras)  Polyphemus,  A. 
(  Perisph  inctes)  indo-germanus, 
A.  (Aspid)  petarmatuSf  babeanus, 
A.  (Pelt.)  arduennensis,  etc 


?  Zone   of   A,    (Pelt.) 

bimammatus. 

?  Zone   of   A.   (Pelt.) 

transversarius. 


Zone  of  A.  (Amaltheus) 

cor  da  t  us. 
Zone  of  A.  (Amaltheus) 

lambeiti. 


Upper 

jurassic. 

Kimmetidge. 


Middle 

jurassic. 

(Middle  oolite). 

Oxford. 


CbXri 


7.  White  limestones  with  Am.  (Pelt.) 
athleta,  A.  (Oppelia)  bicostatus, 
etc. 


Zone    of    A.    (Pelt.) 
athleta. 


\ 


8.  Shales  with  ferruginous  nodules, 
with  Am.  (Perisph.)  obtusicosta, 
anceps  A.  (Harpoceras)  lunula^ 
punctatus,  etc. 


\ 


9.  Shales  with  calcareous  bands  and 
locally  with  golden  oolite  :  Am. 
(Sieph.)  mactocephaluSf  tun.idus^ 
bullatuSf  A.  (Oppelia)  subcos- 
tariuSf  A.  (Perisph.)  funatus, 
etc. 


Zone  of    A.  {Perisph.) 
anceps. 


Zone    of  A.  (Steph.) 
macrocephalus. 


Middle 
jurassic. 
(Middle  oolite). 
Kelloway. 


I 


\ 


P-^-rCMAM   i 


( 


10.  Light  grey  limestones  and  marls 
with  Am.  (Oppelia)  set  rig  er, 
Corals  and  Brachiopoda,  etc. 


1 1.  Yellow  sandstones  and  limetones, 
with  Tti^onia,  Corbula,  Cucuilea, 
etc. 


Middle 
jurassic 
(Lower  oulite). 
Bath. 


Waagen,  Pal.  Indica,  series  IX,  Introduction,  (1875). 
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the  uppermost  group  alone,  the  thickness  of  the  other  groups  not  having 
been  estimated  separately.  It  must  be  remembered  that  the  base  of  the 
whole  series  is  not  exposed,  and  that  the  upper  beds  had  suffered  from 
denudation  before  they  were  covered  by  the  traps. 

The  Patcham  group  is  thus  named  from  its  occurrence  in  the  island 
of  Patcham  in  the  Rann.  The  lowest  beds  are  exposed  on  the  northern 
scarp  of  a  range  of  hills  which  runs  east  and  west  through  all  the  Rann 
islands  from  Patcham  to  Chorar.  The  rocks  composing  the  range  dip 
south  at  a  low  angle,  the  crest  of  the  hills  and  the  surface  of  their  southern 
slopes  being  formed  of  a  thick  massive  bed  of  yellowish  sandstone  and 
limestone,  which  contains  Corbula  pectinata^  Astarte  compressay  a  Trigo^ 
nia  closely  resembling  T,  interlabvigata^  Cucullaea  virgaia  and  other 
fossils.^  Below  the  massive  bed  come  shales  and  sandstones,  all  more  or 
less  calcareous,  containing  a  Rhynconella^  near  R.  concinna^  Litnay  Ger- 
villiay  a  small  Exogyra^  etc.  The  lowest  bed  seen  in  Patcham  island  is 
calcareous  sandstone  abounding  in  the  small  Exogyra.  The  same  lower 
beds  are  seen  in  Koari  Bet,  a  small  islet  north-west  of  Patcham,  and  on 
the  northern  flank  of  the  range,  in  Kharir,  Bela,  and  Chorar,  the  top  of  the 
range  in  all  cases  consisting  of  the  yellow  calcareous  rock.  The  thickness 
of  this  portion  of  the  beds  is  at  least  500  feet. 

Besides  forming  the  range  of  hills  in  the  islands  of  the  Rann,  the 
Patcham  limestone  is  exposed  at  four  places  in  Cutch  itself, — at  Jarra,  Kira 
hill  near  Chdri,  Jura  hill,  and  in  Halamin  hill  near  Lodai — all  situated  along 
the  northern  edge  of  the  main  province  of  Cutch,  near  the  borders  of  the 
Rann.  In  all  these  places  they  appear  as  inliers,  exposed  at  the  crest 
of  an  anticlinal,  and  surrounded  on  all -sides  by  higher  beds.  At  Jarra, 
about  fifty  miles  north-west  of  Bhuj,  there  is  a  bed -of  white  limestone 
containing  Scyphia^  a  Terebratula^  and  small  Rhynconellas  and,  immediately 
above  it,  a  bed  of  corals.  These  rocks  do  not  appear  to  be  equally  well 
exposed  elsewhere.  They  are  at  the  base  of  the  Ch^ri  group  and  were  con- 
sidered by  Dr.  Stoliczka  as  the  uppermost  beds  of  the  Patcham  group  of 
Cutch. 

The  lower  portion  of  the  Patcham  group  has  yielded  no  Cephalopoda. 
and  the  higher  beds  only  eight  species,  all  of  which  are  rare.  One  is 
Nautilus  jumarensisy  the  others  are  AinmomteSy  of  which  one  belongs 
to  the  sub-genus (9/>/>^//V/,three  to  StephanoceraSy  and  three  to  Perisphtnctes. 
One  Stephanoceras  is  a  variety  of  Ammonites  macrocrphaluSy  the  typical 
form  of  which  is  abundant  in  the  next  higher  subdivision,  and  both 
the  other   species    of   Stephanoceras  pass   likewise  into  the  lower    beds 

*  As  only  the  Cephalopoda  of  the  Cutch  beds  (  may   require   modification.      Only   those    are 


have   been   properly   compared,   it  is  possible 
that  some  of  the  identifications  of  other  fossils 


mentioned  which  are  in  all  probability  correctly 
determined. 
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of  tlie  Chiri  group.  With  the  exception  of  A.  macrocephalus,  the  only 
specries  found  also  in  European  rocks  is  A,  (Oppelta)  serrigcr^  which 
\va5%  originally  described  from  upper  bathonian  beds.  So  far  as  the 
Cep/t^lopoda  are  concerned,  it  would  be  difficult  to  correlate  the  Patch- 
ain  group  with  any  subdivision  of  the  European  oolites,  but  the  Patch- 
am  Z^rachiopoday  which,  however,  have  not  been  thoroughly  compared, 
and  the  position  of  the  beds  immediately  beneath  the  strata  containing 
i4.  r^t^crocephalus  in  abundance,  have  induced  Drs.  Stoliczkaand  Waagen 
to  refer  the  group  to  the  horizon  of  the  Bath  oolite  (bathonian). 


The  next  group  in  ascending  order  derives  its  name  from  the  village  of 
Chdri,  situated  close  to  the  borders  of  the  Rann,  about  thirty  two  miles 
north-west  of  Bhuj.  This  village  has  been  known  since  the  time  of  Captain 
^ra.ut,  the  earliest  geological  explorer  of  Cutch,  as  an  admirable  locality 
for  fossils,  and  especially  for  Cephalopoda^  of  which  large  numbers  are 
found  in  the  calcareous  sandstones  exposed  around  Kira  hill. 

The  Chiri  group  is  composed  of  four  subdivisions,    each  marked  by  its 
'Tiitieral  characters  and  by  the  fossils  it  contains.     The  group,  as  a  whole 
is  rnuch    more   shaly  than  any  of  the  other  subdivisions,  but  it  contains 
hard  bands  of  limestone    or   calcareous  sandstone  forming  ridges,  which 
are  usually  distinguished  by  characteristic  forms  of  Ammonites. 

The  lowest  of  the  four  zones  or  subgroups  consists  of  shales,   usually 

of  a.  grey  colour,  with   occasional  bands  of  golden   oolite,  and  sometimes 

'Modular   shaly   limestone.     The   rock   called  golden  oolite   (which  is  not 

Peculiar  to  India,  but  which  is  also  found  in  the  jurassics  of  Europe,  and  at 

^oout  the  same  horizon)  is  very  characteristic  and  easily  recognised.     It  is 

^  *^a.ther  coarse  grained  limestone,  composed   of  calcareous  grains,   which 

^•"^   coated  with  .1  very  thin  ferruginous  layer  and  are  surrounded  by  a 

'^^trix  of  carbonate  of  lime,  so  that  the  stone  has  much  the  appearance  at 

f""st:  sight  of  a  rock  with  golden  coloured  mica.     In  places^  as  at   Ch4ri 

'ts^lf^  the  golden  colite  is  thick  and  conspicuous,   but  it  is  locally  distri- 

'^teu  and  often  wanting.     The  most  characteristic  fossils  of  these  lowest 

j'^a.ii   beds   are   Ammonites  (Stephanoceras)   macrocephaiuSf   and   allied 

^*"Ons  of  the  sub  genus  Stephanoceras. 

-Above  the  macrocephalus  beds  come  dark  shales,  often   black,   with 

^'"I'uginous  bands  and  concretions.     Sometimes,    however,    the    nodult-s 

^''^   of  white  limestone,  and  the  shales  are  locally  sandy,  and  associated 

^^^tli  sandstones,   but   the    beds    appear    to   preserve    their    lithological 

^*^aracters  in  general  thoroughout  Cutch.    The  chief  palaeontological  pecu- 

^^^rity   of   this  subdivision    is  the  extreme  abundance  of  a  Terebratula^ 

^^nsidered  by  Sowerby  a  variety   of  the  cretaceous  T,  biplicala,    Planu- 

^^'^^  Ammonites   {Petisphinctes)   are  also  very  common.     The  shales  not 
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unfrnquently  contain  remains  of  plants,  but  no  distinct  impressions  have 
been  found.' 

The  next  subdivision,  in  ascending  order,  is  a  very  thin  band,  some- 
times only  20  to  30  feet  thick,  of  whitish  or  grey  shale,  with  bands 
of  limestone,  which  are  generally  white,  but  occasionally  yellowish  or 
brown.  Usually  this  band  may  be  recognised  easily  by  its  colour  and  by 
its  presence  beneath  the  Dhosa  oolite.  The  most  characteristic  fossil 
is  Ammonites  (Peltoceras)  at  hi  eta  and,  in  north-western  Cutch,  the  shell 
of  this  mollusc  is  usually  changed  into  black  calcspar. 

The  uppermost  CheLri  subdivision,  or  Dhosa  oolite,  is  the  most  character- 
istic of  all  both  lithologically  and  palasontologically.  It  is  of  no  great  thick- 
ness, though  more  developed  than  the  at /it  eta  beds,  and  consists  of  grey, 
reddish,  or  brown  oolite,  sometimes  sandy  and  often  nodular.  Cephalopoda 
are  extremely  abundant.  And  it  abounds  in  many  places  in  a  Terebratula 
closely  allied  to  the  cretaceous  T.  sella^  and  referred  to  that  species  as 
a  variety  by  Sower  by. 

The  Ch^ri  beds  are  exposed  in  several  places  in  Cutch,  but  they  no* 
where  occupy  a  large  area.  They  are  found  resting  upon  Patcham  beds 
in  the  southern  part  of  Patcham  and  Kharir,  and  in  Kakindiya  and 
Gdngta,  two  small  islands  south-east  of  Kharir,  forming  only  the  axis  of  a 
quaquaversal  anticlinal  on  the  latter,  but  none  are  exposed  in  Bela  or 
Chorar,  though  a  small  area  exists  in  the  extreme  north  of  Wdgad.  In 
these  outcrops  the  subdivisions  are  less  well  marked  than  to  the  south- 
ward, and  the  two  characteristic  Terebratulae  have  not  been  noticed.  In 
the  mainland  of  Cutch,  the  Chdri  group  occupies  two  series  of  inliers.  One 
of  these  series  is  scattered  at  intervals  along  the  northern  anticlinal  range. 
The  rocks  appear  at  three  places  west  north-west  of  Chiri,  again  around 
Kira  hill,  near  Chdri,  the  typical  locality,  they  extend  nearly  twelve  miles 
from  east  to  west  around  the  Patcham  beds  of  Juria  hill,  north  of  Bhuj,  and 
are  found  in  two  more  outcrops  farther  east  around  Halamin  hill,  where 
they  ej^tend  more  than  six  miles,  and  they  again  appear  a  mile  farther 
east.  Another  series  of  outcrops  occurs  in  the  Charw^r  range,  south 
of  Bhuj.  Here  the  Chari  beds  are  brought  up  at  intervals  along  the 
southern  side  of  the  great  fault ;  they  are  greatly  disturbed  and  cut  up  by 
cross  faults,  but  the  different  bands  can  be  easily  recognised,— the  Dhosa 
oolite  with  Terebratula  sella,  var.,  the  white  athleta  beds,  and  the  band 
with  T.  biplicata,  var.,  being  always  conspicuous. 

The  cephalopodous  fauna  of  the  Chiri  group  comprises  a  hundred  and 
twelve  species,  of  which  thirty-seven  areEuropean.  The  relations  between 
those  found  in  the  different  subdivisions  and  the  corresponding  Kelloway 


^  In  Dr.  Stoliczka's  field  notes  he  mentions 
having  at  one  locality  found  fragments  of 
quaitz  and  of  a  limestone  derived  from  one  of 


the  lower  groups,  probably  from  the  Patcham 
teds,  cemented  together  in  the  rock  at  this 
horizon.   This  may  indicate  an  unconformity. 
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^nd  lower  Oxford  groups   in  Europe,  are  the  following,  according  to   Dr. 
VVaagen  :— 

In    the  lowest  Chari   subdivision,   or   macrocephalus  beds   thirty-one 

Cephalopoda   have  been  found,  z'/i.  two  species  of   Beletnnites,    three  of 

Naidtilus  and  twenty-six    of    Ammonites    (Phylloceras   2,    including   A. 

dts/>t£tabilis^  Lytoceras  i,  Oppelia   i,   Harpoceras  i^Stephanoceras  i^y  in- 

clud  i  mg .4.  macrocephalus^  and  Perisphinctes  8).    Three  are  common  to  this 

subdivision  and  the  upper  Patcham  beds,  whilst  none  are  known  to  range 

into      liigher  strata.     Sixteen  species    or   rather   more   than  one-half,  are 

founci  in  Europe,  all,  except  two,  belonging  exclusively  to   the   beds  with 

A^    ^^^acrocephalus  (Lower  Kelloway). 

X 11  the  next  subdivision,  the  dark  shales  with  Terebratula  bipltcata^ 
tysr^^^-^iy.sevevi  Cephalopoda  SLve  found,  VIS,  three  BelemniieSy  one  Nautilus^ 
on^  ^ncylocerasy  and  the  remainder  Ammonites  {Phylloceras 2^  Oppelia  *^^ 
f^€i  ^j>ocera5  5,  Stephanoceras  1,  and  Perisphinctes  11).  Six  of  these  range 
^J^tio  higher  beds,  whilst  seven  are  European,  and  of  these  latter  five  are 
^>^ly    found  in  the  beds  with  A,  anceps  (Middle  Kelloway). 

'1  he  Athleta  beds  have  yielded  twenty  species,  three  Beiemnites  and 
ser  v^iiteen  Ammonites  [Phylloceras  ),  Amaltheus  2,  Oppelia  2,  Harpoceras 
^9  ^^€Uoceras  I,  Aspidoceras  2,  and  Perisphinctes  7)  ;  five  of  these  are  com- 
"^^^1  to  the  next  lower  subdivision,  and  two  to  the  Dhosa  Oolite.  Eight 
^**^  European,  six  being  peculiar  to  the  zone  of  A.  athleta  (Upper 
*^^lloway). 

^  n  the  Dhosa  oolite  there  are  thirty-four  Cephalopoda^  vis,  four  Belem^ 

^^  ^^^,    one  NautiluSf  and  twenty-nine  Ammonites  [Phylloceras  2,  Harpo^ 

^^^^^^  J>  Peltoceras  5,  Aspidoceras  4,  Stephanoceras^,  and  Perisphinctes i^. 

.    ^^^r  of  these  range  into  higher  and  three  into  lower  beds.     Eight  are  found 

^^rope,  the  most  important  being  Am,  [Aspidoceras^  perarmatus^  and 

^^'^n  of  these  belong  exclusively  to  the  zones  of  A.  [Amaltheus)  lamberti 

-J}  -^.   [A malt h,)  cordatus   (Lower   Oxford).     Other    fossils,  especially 

^^&ratula  sella ^  are  abundant  in  this  group. 


va,ri 
re 
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P       ^^he  Katrol  group,  which  rests  upon  the  uppermost  subdivision  of  the 

^*"i  beds,    is    of   considerable    thickness.     It  consists   of  sandstones  of 

^us  kinds,  white,  brown,  pinkish  grey,   etc.,  and  shales  usually  grey  or 

5sh,  but  sometimes  very  dark  coloured,  like  those  of  the  Am,  anceps 

^^^^  •     Ferruginous  nodules  and  concretions  sometimes  occur  in  the  shales 

»    ^^^^h   prevail  towards  the  base  of  the  group,  the  upper  portion  being 

^^fly  sandstones.     On  the  whole,  however,  shales  predominate. 

^These  beds  form  two  belts  ir  Cutch  proper.     The  first  occurs  in  the 
^iclinal  along  the  Rann  and  extends  for  nearly  eighty  miles,  surrounding  the 
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inliers  of  the  Patcham  and  Chdri  groups,  and  extending  to  a  considerable 
distance  beyond  them.  The  exposure  of  Katrol  rocks  varies  in  breadth 
being,  where  broadest,  nearly  ten  miles  wide.  The  second  belt  is  in  the 
Chdrwdr  range,  south  of  the  great  fault.  This  tract  is  about  thirty-five  miles 
from  east  to  west,  but  nowhere  more  than  two  miles  broad.  Besides  this  the 
greater  part  of  Wdgad  is  occupied  by  beds  apparently  belonging  to  the 
same  group.  The  rocks  are  very  similar  in  mineral  character,  consisting 
of  a  coarse  and  fine  grey,  pinkish  and  white  sandstones  above,  and  grey 
or  yellowish  shales  below,  but  the  Cephalopoda  found  are  almost  all  dis- 
tinct, and  appear  to  indicate  a  lower  horizon.  From  their  development 
around  the  town  of  Kantkot,  these  WeLgad  beds  have  received  the  name 
of  Kantkot  sandstone. 

The  Cephalopoda  of  this  Kantkot  sandstone  are  nineteen  in  number, 
four  Belemniies  and  fifteen  Ammonites  (Phylloceras  i.  Aspidoceras  2, 
Stephanoceras  5,  Pertsphinctes  7).  Four  of  these  Am,  [Aspidoceras) 
perarmatus.A.  {Stephanoceras)  maya^  fissus,  and  opts^  are  also  found  in  the 
Dhosa  oolite  of  the  Chdri  beds,  whilst  only  one  species,  Belemniies 
grantianus  (B.  kantkotensis)y  is  common  to  the  Kantkot  bed  and  the 
Katrol  group  in  Cutch  proper.  Thus  the  Kantkot  beds  appear  by  their 
cephalopodous  fauna  allied  more  closely  to  the  uppermost  Ch^ri  beds  than 
to  the  Katrol  group.  Three  species  only  of  the  Kantkot  Cephalopoda 
are  European,  A,  (Asp!)  perarmattds,  A,  (Per,)  plicatilis^  and  A  (Per.) 
martellif  and  only  one  of  these,  the  last,  is  limited  to  a  single  zone,  that  of 
A.  {Pelt )  transversarins  (Upper  Oxford)  in  Europe,  the  other  two 
ranging  lower.  Several  forms  are,  however,  allied  to  upper  oxfordian 
species. 

The  Katrol  group  proper  has  yielded  twenty-six  species  of  Cephalopoda^ 
four  Belemniies  and  twenty-two  Ammonites  {Phylloceras  2,  Lytoceras  1, 
Haploceras  2,  Oppelia  4,  besides  an  Aptychus^  Harpoceras  i,  Aspidoceras 
5,  Perisphinctes  7).  Only  one  of  these  species,  Bel,  grantianiis^  is  found 
with  certainty  in  any  other  group  in  Cutch.  Four  species  are  found  in 
Europe,  all  belonging  to  the  beds  of  the  Kimmeridge  group,  with  A,  {Asp,) 
acanthicus.  By  far  the  most  characteristic  and  abundant  of  the  Cepha- 
lopoda^ is  a  non-canaliculate  Belemnite,  B,  katrolensis.  The  commonest 
Ammonites  KT^  A,  {Oppelia)  kachhensisy  A.  {Per.)  poltingeri^  A,  {Per,) 
katrolensis,  and  A,  {Per.)  torquattts. 

Imperfect  plant  remains  are  common  in  the  Katrol  group,  as  they  are? 
in  many  of  the  lower  beds  of  Cutch,  but  in  one  instance  near  the  village  of 
Narha,  as  has  already  been  mentioned  in  the  description  of  the  Gondwin^^- 
system  several  remains  of  plants,  whose  relations  have  already  been  dis  — 
cussed  on  a  previous  page^  were  found  by  Mr.  Wynne,  in  shales  intec^ — 
stratified  with  the  Katrol  beds  and  distinctly  inferior  in  position  to  son^  ^ 
of  the  marine  bands  of  the  group. 

'^  Supra ^  p.  189. 
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The  Umia  group  derives  its  name  from  a  small  village  in  western  Cutch, 

rather  more   than   fifty  miles  north-west  of  Bhuj.     Taken  as  a  whole,  this 

gT-oup  appears  to  equal  in  development  all  the  other  Jurassic  beds  together, 

being,  according  to  Mr.  Wynne's  estimate,  upwards  of  3,000  feet  thick.    It 

is   tlie  equivalent  of  the  upper  Jurassic  group  of  Mr.  Wynne's  Memoir.     As 

a  rule,  it  consists  of  sandstones  of  various  kinds,  and  more  or  less  sandy 

shstles.     The    sandstones   are   very  often  soft  ^nd  white  or  pale  brown, 

sometimes  variegated,  and  very  generally  distinguished  by  thin  bands  of 

h3.r-<l  black  or   brown    ferruginous  grit.     Occasionally  the    sandstones   are 

variegated  with  pink,  red,  and  brown,  they  are  often  very  argillaceous  and 

texid  to  decompose  into  a  loose  sandy  soil,  which  covers  and  conceals  the 

rocrlcs  over  a  great  part  of  the  country.     In  a   few   instances  carbonaceous 

sHstle  occurs,  and  in  one  locality  a  thin  seam  of  bright  jetty  coal.     A  few 

tHin  hard  bands  of  sandstones  are  met  with,  some  being  so  hard  as  to  be 

almost  a  quartzite.     There  is  a  marked  resemblance  in  the  beds  of  this 

group  to  some  of  the  upper  Gondwdna  strata  of  Central  India  :  there    are 

the  same  soft  argillaceous  sandstones  and  sandy  shales  and  the  same    hard 

ferruginous  gritty  bands. 

Towards  the  base  of  the  Umia  group  there  is  a  thick  band  of  calca- 
reous conglomerate,  hard  and  grey,  sometimes  ferruginous  associated  with 
sandstones  and  shales.  In  this  conglomerate  and  in  some  associated  beds 
marine  fossils  are  numerous.  Throughout  all  the  rest  of  the  group  plant 
remains  are  common,  but  they  are  not  often  sufficiently  well  preserved  to 
l>e  identified.  Marine  fossils  are  very  rare,  but  Trigonia  smeei,  the  most 
typical  fossil  of  the  group,  has  been  found  in  places,  as  near  Vigori,  forty 
'^  lies  north-west  of  Bhuj,  in  beds  near  the  top  of  the  group  and  well  above 
the  horizon  at  which  most  of  the  plant  fossils  have  been  obtained. 

The  beds  of  the  Umia  group  are  covered  uncouformahly  by  the  Deccan 
traps  and  by  tertiary  rocks,  except  in  one  place,  where  they  underlie 
the  upper  neocomian  (aptien)  beds  of  Ukra  hill  in  north-western  Cutch. ^ 

The  surface  occupied  by  the  rocks  of  the  Umia  group  corresponds  in 
'^s.gnitude  with  the  thickness  of  the  formation,  and  embraces  nearly,  if  not 
^iiite,  half  of  the  Jurassic  area  in  Cutch.  In  Cutch  proper  these  beds  ex- 
tdid  throughout  the  province  from  the  western  extremity  near  Lakhpat  to 
^^^  eastern  end  beyond  Bachao,  forming  a  great  plain  south  of  the  irregu- 
lar range  of  hills  along  the  edge  of  the  Rann.  They  also  extend  round  each 
^nd  of  the  range,  especially  to  the  eastward,  where  the  bottom  Umia  beds 
x^tcnd  north  of  the  hills  about  twenty  miles  along  the  edge  of  the  Rann. 
^e  main  belt  of  Umia  beds  is  from  eight  to  twelve  miles  across  on  an 
^►verage.  These  rocks  lap  round  the  western  end  of  the  Chirvvdr  ransre. 
'^^nere  the  great  east  and  west  fault  to  which  the  range  is  due  appears  to 
^*e  out,  and  they  cover  another  plain,  nearly  fifty  miles  in  length  from  east 

^  Infra,  p.  286. 
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to  west  and  about   eight  miles  broad,  south  of  the  Chdrwar  range.     They 
also  form  the  western  portion  of  W«lgad. 

The  plant  remains  of  the  Umia  group  and  their  relations  have  already 
been  described  in  the  chapter  relating  to  the  Gondwdna  system.  It  was 
there  shown  that  twenty-seven  species  had  been  identified,  of  which  ten 
are  either  common  to  the  lower  oolitic  beds  of  Yorkshire  or  represented 
by  very  closely  allied  forms.  Bearing  in  mind  that  the  plant  beds  overlie 
the  portion  of  the  group  which  has  furnished  Cephalopoda^  it  is  remarkable 
to  find  that  the  latter  exhibit  a  very  decided  upper  oolitic  facies.  They 
arc  eleven  in  number,^  z^/>.— 


Belemnites  grantianus  {kantkotensis)* 

Belemnites,  2  sp.  indet. 

Am.  {Hnploceras),  cf.  tomephorus, 

A.  {Aspidoceras)  vtynnei, 

A.  (Perisphinctes),  cf.  suprajurensis. 


A,  (Perisphinctes)  bleicheri, 
A,  {Per.)  ozcuUeftircatus, 
A,  (Per.)  eudichotomus* 
A.  (Per.)  frequens, 
A.  (Per.)  denseplicatue. 


Of  these  eleven  species,  one  (Belemnites  grantianus  var.  kantkotensis) 
is  found  in  lower  beds  in  Cutch,  and  the  two  other  forms  of  Belemnites 
are  closely  allied  to  the  Katrol  species  B.  claviger  and  B.  katfolensis, 
and  may  be  identical.  All  the  eight  Ammonites  are  restricted  in  Cutch  to 
the  Umia  group,  and  two  of  them  {A.  tomephorus amd  A.  eudichotomus)  are 
tithonian  species,  found  in  the  uppermost  Jurassic  beds  of  southern  Europe, 
whilst  A.  bleicheri  and  A.  suptajurensis  are  found  in  the  Portland  strata 
of  northern  France,  and  A.  occultefurcatus  is  barely  distinguishable  from 
another  Portland  species,  A.  (Perisphinctes)  boidini.  The  connection 
between  the  Cephalopoda  of  the  Umia  group  and  the  forms  found  in  the 
uppermost  Jurassic  beds  of  Europe  is  consequently  very  marked,  and 
Dr.  Waagen  states  that  the  same  marked  similarity  exists  between  the 
lamellibranchiate  bivalves  of  the  same  beds  in  the  two  regions.' 

The  Cephalopoda  are,  however,  rare  and  exceptional  in  the  Umia  group, 
and  they  form  by  no  means  so  important  a  portion  of  the  fauna  as  in  the 
other  groups.  The  commonest  Umia  fossils  are  two  specieS  of  Trigonia 
(T.  smeei  and  T.  ventricosa)^  the  latter  being  also  found  in  the  neocomian 
rocks  of  South  Africa,  whilst  a  very  closely  allied  form  {T.  tuberculi/era) 
occurs  in  cretaceous  beds  in  Southern  India.  The  occurrence  of  these 
TfigonicB    in     upper    Gondwana  strata   near    Rajamahendri    has   already 


*  Nine,  according  to  Dr.  Waagen  {pal.  Indica, 
series  ix,  225,  232),  but  he  appears  to  have 
overlooked  two  forms — Belemnites  kantkotensis 
(grantianus),  stated  at  page  4  to  have  been 
found  in  Umia  beds,  and  the  specimens  from 
the  same  group  doubtfully  referred  to  B.  cla- 
viger on  p.  7.  These  very  trifling  and  unim- 
portant oversights  arc  not  noticed  in  order  to 


call  attention  to  a  trivial  error,  but  because 
the  relations  of  the  Umia  group  are  of  consid- 
erable importance  and  have  been  disputed. 
In  consequence  of  the  great  importance  of  this 
group,  the  evidence  upon  which  its  relations 
to  the  upper  Jurassic  beds  of  Europe  are  based 
is  g'ven  in  full. 
'  Pal,  Indica,  series  ix,  225,  (1875). 
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nest  cliaracterislic  beds  being  wliitisb  or  greyish  sandstone,  very  fine  and 
been  noticed.  Other  forms  of  common 
occurrence  in  the  Umia  group  are 
species  of  Trigonia  allied  to  T.  vau, 
clavellata  and  gibbosa,  Asiarte  major, 
a  Cerviilia,  a  peculiar  Gtyphsea,  in- 
termediate in  form  between  G.  dtla- 
tata  and  G,  vesicularis,  Goniomya,  etc. 
Some  of  these  range  into  lower  groups 
also.  A  portion  of  the  jaw  of  a  Pie- 
siosaurus,  also  obtained  from  these 
beds,  is  said  to  be  undistinguishable 
from  that  of  P.  arcualus,  Owen,  from 
'"•  '^"""''  '"'"  the  lower  lias  of  England.* 

Owing  to  the  circumstance  that,  with  the  exception  of  the  Cephalo' 
p(*ffa,  the  large  collections  of  fossils  made  in  Cutch  by  Messrs  Wynnei 
Keddeu,  and  Stoliczka  have  not  hitherto  been  examined  and  compared,  the 
distribution  of  many  of  the  most  characteristic  species  has  not  been  defi- 
nitely ascertained.  Amongst  the  forms  which  are  most  abundantly  pre- 
served in  the  lower  groups  of  the  Cutch  Jurassic  series  are  species  of  Pieu- 
fotomaria,  Pkoladomya  granosa,  Ph.  'angulata,  Ph.  inornata,  Corbula 
h^ala,  C.  pectinata,  Nucula  cuneijormis,  Cucuiima  virgala,  Trigonia 
fostaia  and  Ostrea  marskii. 

Oq  the  next  page  is  g;iven  a  table  which   shows   the   general    result  of 

"•"-     Waagen's  examination  of   the  Jurassic  Cephalopoda  found  in  Cutch. 

'"e     correspondence,  not  only  with  the   European  Jurassic   rocks    as   a 

"hole,  but  with  the  different  groups  into  which  they  are  divided,  is  re- 

"'^''kable,  and  greater  than  is  known  in  any  other  Indian  formations,  the 

'^'3'  other  series  of  Indian  rocks  of  which  the  fauna  has  been  sufficiently 

^'^^TTiined     to    justify  the  comparison,  the  cretaceous  series  of  Southern 

•^  *^,  showing  much  less  close  agreement  in  the  distribution  of  the  fauna, 

**  Especially  of  the  Cephalopoda,vi\\.\i  the  corresponding  groups  tn  Europe. 

.     ^    cniy  remarkable  instance  in  which  the  Cephalopoda  of  the  Cutch  juras- 

*-*   difier  from  their  representatives  in  the  Jurassic  rocks  of  Europe,  is  in 

^    firevalence  in  the  Indian  area  of  the  macrocepkali  at  a  higher  horizon 


**»  in  Europe.  In  Cutch  they  abound  in  the  Dhosa  oolite  and  Kantkot 
*"**^stone,  the  other  Cephalopoda  of  which  are  of  Oxford,  and  in  the 
/■*^r  case  of  upper  Oxford  types,  whilst  in  Europe  they  are  not  known 
^^"Ve  the  base  of  the  Kelloway  group.  As  will,  however,  be  shown  in 
^*  next  chapter,  some  of  the  cretaceous  forms  of  Ammonites  found  in 
****thsrn  India  show  a  remarkable  resemblance  to  the  Jurassic  forms  of 
■  Lydekker,  Rieotdi,  XXU,  50,  (18S9). 

Q 


^ 
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macrocephalt\  and  in  this  instance  they  are  associated  with  species  allied 
to  Ammonites  characteristic  of  even  older  European  deposits. 


Namc  or  olloup. 

Name  of  suudivision. 

Total  number  of 
Cephalopoda, 

Species  peculiar 
to  group. 

Species   ranging 
into  higher  beds 

Species    ranging 
iotu  lower  teds. 

a. a 
0  <• 

u 

4 

Rbmamks. 

Umia 

Marine  beds 

II 

9 

,«• 

a 

Two  of  the  European  species 
occur    in    Portland    beds  of 

northern  France  and  two  in 

Tithonian   beds   of  southern 

Europe. 

( 

Katrol  beds  proper  . 

27 

26 

I 

I 

4 

All  the  four  European  species 
belong   to   the   zone   of  Am, 

Katrol       .  < 

• 

acanthicus  (Kimmeridge). 

( 

Kantkot  beds 

»9 

14 

\ 

4 

3 

( 

Dhosa  Oolite 

34 

27 

4 

3 

8 

Seven     characteristic   of    the 

\ 

{Terebratula  sella 
beds). 

zone  of  A.  transvefsatius 
(Lower  Oxford)  of  Europe. 

• 

Chari         ,  < 

Athleta  beds 

20 

13 

2 

5 

8 

Six  characteristic  of  the  zone 
of  A.  athleta  in  Europe. 

/ 

AncePs    beds,     with 

27 

•  2' 

6 

•  •  • 

7 

Five  of  the  seven  species  found 

V 

Ter.  btplicata 

. 

also  in  Europe  are  peculiar 
to   the  beds  with  A,  anceps. 

1 

Macrocephalus  beds . 

31 

2'* 

•  • 

3 

16 

Fourteen  of  the  sixteen  exclu- 
sively found  in  beds  with  A. 
macrocephalus  in  Europe. 

PaTcham     . * 

Upper     . 

8 

5 

3 

•  0  « 

I0f2 

( 

Lower     . 

.«. 

•  •  • 

• .. 

t "  • 

•  •  • 

The  occurrence  of  Jurassic  rocks  in  the  desert  tract  to  the  north  of  th 
Rann  of  Cutch  has  been  known  for  many  years.  A  few  species  were  obtained 
from  the  country  immediately  north  of  the  Rann  by  Sir  H-  Pottinger,  h 
the  only  tracts  which  have  yet  been  explored  by  a  geologist  lie  furlh 
north,  near  B^lmer,  in  Jaisalmer  and  in  Bikaner.  Five  distinct  groups 
rocks  have  been  recognised  and  named  as  follows:—* 

5.  Abur  beds. 

4.  Parihar  sandstones. 

3.  Beddsar  g^oup. 

2.  Jaisalmer  limestones. 

I.  Balmer  sandstones. 

The  Bdlnier  rocks  consist  of  sandstones,  grits,  and  conglomerates, 
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compact,  and  a  still  finer  rock  approaching  a  compact  shale,  white,  but 
veined  and  blotched  with  purple.  These  beds  must  attain  a  considerable 
thickness,  but  only  the  lowest  are  well  exposed,  the  upper  strata  being 
pE-obably  softer.  The  lower  members  of  the  group  are  well  seen  at  Bilmer 
itself,  where  they  rest  upon  the  Malani  volcanic  rocks,  and  in  some  hills 
near  Naosir,  about  thirty  miles  farther  east  Fragmentary  plant  remains 
common,  but  nothing  sufficiently  well  preserved  for  determination  has 
en  found,  and  no  remains  of  animals  have  been  detected  in  the  beds. 

East  and  south-east  of  Jaisalmer,  beneath  the   marine  Jurassic  beds  of 

th^  next  group,  a  considerable  thickness  of  white,  grey,  and  brown  sand- 

st:ones  is  exposed,  interstratified  with  numerous  bands  of  hard  black  and 

t^x'own  ferruginous  sandstone  and  grit.     Towards  the  base  are  some  soft 

a^rgillaceous  sandstones,  streaked  and  blotched  with  purple,   and  closely 

resembling  the   Bdlmer  beds,   except  that   they  are   less  hard.      These 

rocks  probably  belong  to  the   Bilmer  group.     They  have  a  lithological 

resemblance  to  the  Umia  group  of  Cutch  and  to  some  of  the  Gondw^na 

beds  of  the  Central  Provinces.    The  only   fossils  found,  except  fragments 

of  leaves,  were  some  pieces  of  dicotyledonous  fossil  wood 

The  sandstones  and  limestones  of  the  Jaisalmer  group  rest  upon  the  beds 

last  described,  and  consist  of  thick  bands  of  compact  buff  and  light  brown 

limestone  interstratified  with  grey,  brown, and  blackish  sandstone,  with  some 

conglomerate.     The  limestone  forms  conspicuous  acarps  close  to  the  town 

of  Jaisalmer,  and  it  is  highly  fossiliferous,  containing  amongst  other  species 

Terebratula biplicatayT,  intermedia^  Pholadomya granosa^Corbula  lyraia, 

^-  pectinata^   Trigonia  costata^    Nucula   cuneiformiSj   Pecten  lens,  and 

^^utilus   kumagunensis.     Ammonites  {Stephanoceras)  Jissus   has   been 

^l^tained  from  the  neighbourhood,  but  very  possibly  from  a  different  horizon 

^^r  in  Cutch  it  belongs  to  the   Dhosa  oolite  and  the  Kantkot   sandstone 

(both  Oxford),    whilst   Nautilus   kumagunensis   is  only  found  at  a  lower 

^^rizon  in  the  beds  with  Am,  macrocephalus  at  the  base  of  the  Chiri  group. 

^^^ehratula  biplicata  in  Cutch  is  chiefly  characteristic  of  a  rather  higher 

'^^rixon  than  that  of  the  macrocephalus  beds.     There  can,  however,  be  but 

"ttle  hesitation  in  referring  the  Jaisalmer  limestones  to  the  age  of  the  Chari 

group. 

The  Jaisalmer  limestones  are  overlaid  by  a  group  of  purplish  and  red- 
^^sh  sandstones,  with  thin  layers  of  black  vitreous  ferruginous  sandstone. 
^^ine  beds  of  a  red  calcareous  sandstone  contain  fossils  which  have  not 
^^en  determined.  Some  of  them  closely  resemble  forms  from  the  Katroj 
K^oup  of  Cutch.  These  sandstones  have  been  distinguished  as  the  Bed^sar 
S^oup^  and  are  overlaid  by  the  Parihar  group  of  soft,  white  felspathic 
^^ndstones,  which  weather  into  a  clean  sugary  sand,  largely  composed   of 

>  R.  D.  Oldham,  Records,  XIX.  158,  (1886). 
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subangular  fragments  of  transparent  quartz.  The  uppermost  beds  of  the 
jurassics  are  sandstones,  shales  and  limestones^  among  which  there  is  one 
very  conspicuous  fossiliferous  band,  known  locally  as  Abur,  a  name  which 
has  been  applied  to  the  village  where  it  is  quarried,  and  formerly  referred  to 
in  the  Survey  publications  as  the  ammonite  bed  of  Kuchri.^  It  is  a  thin  bed 
of  buff  coloured  limestone,  weathering  red,  and  abounding  in  yellow  colour- 
ed ammonites  of  three  or  four  species.  None  can  be  safely  identified  with 
any  Cutch  species,  though  one  form  is  very  near  A.  {Stephanoceras)  opisy 
which  is  common  to  the  Dhosa  oolite  and  Kantkot  sandstone  of  Cutch. 


Jurassic  beds  are  again  found  in  the  western  half  of  the  Salt 
range  and  in  its  trans-Indus  continuation,  where  th'i  lower  beds 
rest  upon  the  triassic  rocks,  and  consist  of  sandstones  of  varying  colour, 
succeeded  in  ascending  order  by  limestones,  clays,  and  soft  white  sand- 
stones, then  come  bands  of  haematite,  several  feet  in  thickness,  and 
thinner  layers  of  golden  oolite,  precisely  similar  to  the  rock  of  Cutch, 
the  upper  portion  of  the  group  consisting  of  coarse  brown  sandstones, 
yellow  marls,  white  sandstone  and  hard  grey  limestone  bands.  The 
sandstones  are  often  conglomeratic  and  the  limestones  are  most  largely 
developed  to  the  westward.  Small  layers  and  patches  of  bright  jetty 
coal  occur  in  places  towards  the  base  of  the  group  and  west  of  the  Indus 
near  Kilabigh,  but  there  is  nothing  like  a  seam  of  coal.  The  patches  of 
coal  appear  to  be  merely  carbonised  fragments  of  drift  wood. 

The  Salt  range  Jurassic  beds  are  not  found  east  of  the  neighbourhood 
of  Naushahra.  They  begin  to  appear  a  little  further  west  than  the  triassic 
ceratite  strata  and,  increasing  much  in  thickness,  continue  to  the  Indu^. 
West  of  that  river  the  same  rocks  re-appear  in  the  Maidini  (Chichdli) 
hills,  where  they  are  well  developed  and  more  fossiliferous  than  in  the  Salt 
range.  They  are  well  seen  in  the  ChichAli  pass,  and  extend  round  the  curve 
of  the  range  further  to  the  southward  than  the  Productus  limestone 
does,  disappearing  beneath  the  tertiary  rocks  about  six  miles  south  of 
Mulakhel,'  but  are  again  found  in  the  Shaikh  Budin  hills. 

Until  the  fossils  of  the  Salt  range  Jurassic  beds  are  examined  in  detail, 
it  is  not  possible  to  say  exactly  what  members  of  the  Jurassic  series  are 
represented.  Dr.  Waagen  has  shown  that  there  is  a  close  connection 
between  the  Salt  range  oolitic  beds  and  those  of  Cutch,'  but  that  the  Spiti 
shales  of  the  Himalayas  contain  a  very  different  fauna.  The  Kelloway 
portion  of  the  Chiri  beds  is  distinctly  represented  in  the  Punjab,  and  some 
of  the  higher  Jurassic  groups  also.  Cephalopoda  are  scarce,  except  west 
of   the    Indus,    where    Ammonites    and    Belemnites    occur    rather  more 


»  W.  T.  Blanford,  Records,  X,  16,  (1877). 
'  Fleming,  Jour.  As.Soc,  Beng.,  XXII,  278, 


(1853). 
'  Pal.  Indica^  series  ix,  236,  (1875). 
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abundantly,  especially   in  the  fine  section  of  Jurassic  beds  exposed  in  the 
CThicbili  pass. 


The  Jurassic  rocks  of  the  Himalayas  have  long  been  known  by  their 
fossils,  which  had  acquired  a  sacred  character  and  become  objects  of  com- 
merce.  They  are  represented  in  the  central  HimiJayas  by  a  series  of 
dark  grey  and  black  shales,  known  as  the  Spiti^  shales,  whch  contain 
numerous  calcareous  concretions,  a  large  proportion  of  which  are  formed 
rour&d  fossils.  The  thickness  of  these  shales  is  about  300  feet,  and  their 
original  extension  has  been  very  much  restricted  by  the  great  denudation 
they  have  undergone. 

The  Spiti  shales  are  said  to  lie  conformably  on  the  underlying  lime- 
stones, which  were  regarded  by  Dr.  Stoliczka  as  lias,  and  the  presence  of 
passage  beds,  in  the  shape  of  a  small  thickness  of  clayey  slates,  is  indicated. 
In  view  of  the  probability  that  the  beds  regarded  as  lias  are  in  reality 
uppermost  trias,  and  of  the  abrupt  change  of  lithological  character  which 
takes  place  at  the  base  of  the  Spiti  shales  everywhere  except  in  Spiti,  it 
seems  more  natural  to  suppose  that  there  is  an  unconformity  which  has  not 
yet  been  recognised. 

Tlie  Spiti  shales  are  overlaid  by  about  600  feet  of  a  light  yellow  silicious 
sandstone,  known  as  the  Giumal  sandstone,  which  was  regarded  by 
I^r.  Stoliczka'  as  upper  Jurassic  in  age,  but  has  more  recently  been  classed 
^^  neocomian.' 

Jurassic  rocks  are  known  to  occur  north  of  Nepil,  characteristic  fossils 
hav  ing  been  brought  from  that  direction  by  traders,  and  the  Spiti  shales  have 
t^een  recognised  to  the  north  of  the  Karakoram  range  in  one  direction,  and 
^^  Hazira  in  the  other.  In  Hazdra  they  are  perfectly  typical  and  are  recog- 
riisable  both  lithologically  and  palaeontologically.  In  the  Sirban  mountain 
they  rest  unconformably  on  a  surface  of  triassic  limestones,  eroded  and 
pierced  by  boring  molluscs.  They  are  conformably  succeeded  by  sandy  and 

calcareous  beds,  abruptly  overlaid,  but  with  no  observed  unconformity,  by 

a-  sandstone  containing  a  lower  cretaceous  fauna. 

Further  south  the  Spiti  shales  have  not  been  recognised  with  certainty, 

^^t  in  the  Suliiman  range  some  black  shales,  overlaid  by  sandstones,  are 

found  below  the  cretaceous  limestone  of  the  Takht-i-SuUim4n*  and  a  similar 

section  is  said  to  be   observable  in  the  eastern   termination  of  the   Safed 

Koh,^  but  the  identification  lacks  the  support  of  fossil  evidence.     In  the 

southern  part  of  the   Haz^ra  district  Jurassic  rocks  are   represented  by  a 


^  P-  Stc.liczkn.  Memoirs,  V,  85,  (1865). 
^^^enicirs,V,  1 13,  (1865). 
C.  L.  Griesbach,    Memoir s^  XXIII,  80, 


(1891). 
«  Records,  XVII,  184,   (1884). 
»  Records,  XXV,  81,  (1852). 

R  2 


330  GEOLOGY  OF   INDIA— MARINE  JURASSIC  ROCKS.      [Qhap.  IX 

band,*  composed  almost  entirely  of  Trigonia  veniricosa^  associated  with 
layers  containing  Ammonites^  Gryphaea  and  ^^/^//iwV^j,  whose  age  relative 
to  the  Spiti  shales  is  undetermined. 

This  will  be  the  most  convenient  place  to  mention  certain  fossiliferous 
beds,  underlying  the  nummulitics  of  the  outliers  in  south-western  GarhwAl, 
whose  chief  interest  lies  in  the  fact  that  they  contain  the  only  pretei  tiary 
organic  remains  that  have  been  recognised  in  the  outer  Himalayas  south  of 
the  main  snowy  range.  They  were  originally  discovered  by  Mr.  Med- 
licott  *  in  the  Tal  valley  immediately  east  of  the  Ganges  and  have  conse- 
quently been  frequently  referred  to  as  the  T^l  beds. 

They  are  described  by  Mr,  Middlemiss  as  grits  or  quartzites,  frequently 
calcareous  and  passing  into  limestone  in  places.  The  fossils  are  mostly 
fragmentary,  but  among  them  be  considered  that  corals,  belemnites 
iamellibranchs  and  gasteropods  were  represented,  the  whole  indicating  a 
probably  Jurassic  age.  Subsequent  critical  examination,  however,  failed  to 
discover  any  specimens  determinable  with  sufficient  accuracy  to  indicate 
the  age  of  the  rocks.  Judging  from  their  stratigraphical  position  they  are 
probably  mesozoic,  but  beyond  this  nothing  can  be  decided. 

>  A.  B.  Wynne,  Records,  XII,  125,  (1879).      1        '  Records,  XVII,  161,  (1884) ;  XVIII,  73t 
«  Memoira,  III,  pt.  ii,  69,  (1864).  »  (1885). 


CHAPTER  X. 


MARINE  CRETACEOUS  ROCKS  OF  THE  INDIAN  PENINSULA. 

Cretaceous  rocks  of  Southern  India — Relations  to  cretaceous  rocks  of  Assam  and  South 
Africa — Cretaceous  rocks  of  the  lower  Narbadi  valley — Relatksns  to  cretaceous  of  Europe— 
Contrast  to  cretaceous  of  Southern' India — ^An  Indo-African  land  connection— Doubtfully 
^^tsLceous  sandstones  of  the  Narbadd  valley  and  of  Kdthidwar. 

*The  occurrence  of  cretaceous  rocks  in  Southern  India  was  first  ob- 

serA^ed  in  1840  by  Mr.  Kaye  of  the  Madras  Civil  Service,  who,  in  company 

^^tli  Mr.  Brooke  Cunliffe  and  others,  collected  a  large  series  of  fossils, 

*vlii^:h  were  examined  by  Professor   E.  Forbes,    The  rocks  near  Pondi- 

ch^r-ri  had,  however,  some  years  before  attracted  the    notice  of  Mons.  E. 

^h^^ier,  but  no  account  of  them  was  published  until  after  the  appearance 

of  ^/Ir.  Kaye's  description.      A  collection  of  fossils  from  the  neighbour- 

noo<l  of  Pondicherri  was  examined  by  A.  D'Orbigny,  and  referred  to  an 

"PF^^T  cretaceous  age.     Forbes,  on  the  other  hand,  referred  the  beds  of 

^'^^^rhinopoli  and  Viruddhichalam  to  the  age  of  the    upper  greensand  or 

^^'-^  It,  and  the  Pondicherri  beds  to  the  neocomian.     It  was  shown  by  Mr.  H. 

^'    ^3lanford  that  beds  of  two  ages  exist    near  Pondicherri,  and  he,  foUow- 

'"S"     Professor  Forbes,  considered  the  lower  of  these  or  Valudayur  beds 

nec^^Qjnian  and  older  than  any  of  the  Trichinopoli  rocks,  but   the  thorough 

^^^i^^^nination  of  all  the  Southern  Indian  fossils  by  Dr.  Stoliczka  has  proved 

^"^-t  the  general  homotaxis  is  middle  and  upper  cretaceous,  and  that  the 

"^^^<:omian   and  oolitic  forms,   which  led  to  a  portion  of  the  beds  being 

^''•^^inally  classed  as  lower  cretaceous,  are  less  numerous  than  the  middle 

^^^^^aceous  species  with  which  they  are  associated.      It  was  also   found 

^"^"^  the  fauna  of  the  Valudayur  beds  had  more  species  than  was  at  first 

^"¥^J)osed  in  common  with  the  lowest  group  of  the  Trichinopoli  area,  and 

tn^    two  were  consequently  considered  identical.     The  Cephalopoda  of  the 

^^'^^rbeds  comprise  several  species  found  in  the  gault  of  Europe,  and  the 

^^  *^ber  was  at  first  supposed  to  be  larger  than  it  proved  on  subsequent 

^  ^^^r  investigation,  but  as  there  are  scarcely  any  representatives  of  gault 

^^rus  amongst  the  very  numerous  and  beautifully  preserved  Gasteropoda 

^^^   Lamellibrattchiata  {Pelecypoda\  the  whole  of  the  Southern  Indian 

^^s  were  finally  referred   by  Dr.   Stoliczka  to  an  age  not  older  than  the 


^3^ 
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upper  greensand  of  England   (cenomanian),   and  ranging  thence  to  the 
upper  chalk  (senonian). 

The  rocks  of  cretaceous  age  in  Southern  India  ^  occupy,  with  relation 
to  older  and  newer  formations,  a  very  similar  position  to  that  of  the  out- 
cirops  of  upper  GondwcLna  beds  farther  to  the  northward.  The  cretaceous 
beds  occur  in  the  great  plain  which  extends  along  the  Coromaudel  coast 
from  the  north  of  the  GodAvari  to  Cape  Comorin.  They  rest  to  the 
west  upon  the  gneiss,  or  occasionally  upon  small  patches  of  the  upper 
Gondwana  (Rcljmahil)  beds,  they  have  a  low  dip  to  the  eastward, 
and  are  covered  up  on  the  cast  by  pleistocene  beds,  known  as  Cuddalore 
sandstones,  and  b)  the  alluvium  of  the  sea  coast.  The  cretaceous  beds  are 
exposed  at  the  surface  in  three  detached  areas,  separated  from  each  other 
by  the  alluvial  deposits  of  the  Penner  and  Vellar  rivers.  The  southern 
and  largest  of  these  areas,  between  the  Vellar  and  Coleroon  rivers,  is  in 
the  Trichinopoli  district,  and  known  as  the  Trichinopoli  area.  North 
of  Vellar  ar  two  much  smaller  exposures  near  Viruddhichalam  and  Pon- 
dicherri  respectively,  and  named  from  those  towns. 

The  Trichinopoli  area  extends  about  twenty-five  miles  from  north  to 
south,  and  for  about  the  same  breadth  where  widest,  but  it  is  very  irregular 
in  form.  South  of  the  Coleroon  (the  principal  outlet  of  the  river  Cauvery) 
no  cretaceous  beds  have  been  traced,  and  the  southern  boundary  of  the 
cretaceous  area  north  of  the  Coleroon  is  chiefly  formed  by  gneiss.  To  the 
northward  the  cretaceous  rocks  disappear  beneath  the  alluvium  of  the  Vellar 
river  and  re-appear  north  of  the  river  at  Viruddhichalam  forming  the 
Viruddhichalam  area,  in  which  only  the  highest  cretaceous  group  is  ex- 
posed, and  even  this  is  only  visible  at  very  few  points.  It  occupies  a  tract 
of  country  about  fifteen  miles  long  from  north-north-east  to  south-south- 
west by  about  five  broad,  with  gneiss  to  the  west  and  tertiary  Cuddalore 
sandstone  to  the  east.  There  is  a  second  break  in  the  rocks  at  the  Penner 
river,  and  alluvium  extends  to  the  neighbourhood  of  Pondicherri,  causing 
an  interval  of  about  twenty-five  miles  in  the  belt  of  cretaceous  rocks  before 
they  re-appear  near  Valudayur,  ten  miles  west  by  north  from  Pondicherri. 
Here  they  occupy  a  small  tract  of  country  about  twelve  miles  long  from 
north-east  to  south-west,  by  six  miles  broad,  and  only  separated  from  the 
sea  on  the  east  by  a  band  of  Cuddalore  sandstones  two  to  four  miles  wide. 
To  the  west  is  a  narrower  strip  of  Cuddalore  sandstone,  beyond  which  the 
country  consists  of  gneis?. 


'  For  a  complete  description  of  the  geology 
by  Mr.  H.  F.  Blanford,  see  Memoirs,  IV,  pp. 
1*217,  (1862).  The  fossils  are  described  and 
figured  in  four  volumes,  comprising  Series 
1^  lii,  V,  vi,  and  viii,  (1861-73)  of  the  '*Pal4fonto- 
hgia  Indica,'*  nil  by  Dr.  F.  Stoliczka,  with 


the  exception  of  the  Belemnites  and  Nautili^ 
which  are  by  Mr.  H.  F.  Blanford.  Some  addi- 
tional notes  on  the  Cephalopoda  are  published 
in  the  Records^  I,  32,  (z868),  and  on  the  fossils 
generally,  by   Mr.    R.  B.   Foote,   in  Records, 

XII,  15$,  (1879)' 
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In  all  three  areas  there  appears  to  be  a  low  dip  to  the  east,  the  lowest 

hc<is  appearing  at  the  western  boundary  and  higher  groups  succeeding  in 

regular  order  to  the  eastward.     Many  of  the  dips  seen  in  the  rocks  are, 

however,  deceptive,  being  due  to  oblique  lamination  or  false  bedding,  which 

prevails  extensively  throughout  the  series  and  especially  in  the  southern 

portion  of  the  Trichinopoli  area.     In  the  Viruddh^chalam  and  Pondicherri 

area.s  the  rocks  are  ill  seen,  and  the  dips   are    less    distinct,   but  there 

appears  every  probability  that  the  same  low  dip  prevails  in  the  Pondicherri 

or  Valudayur  area ;  the  direction  is,  however,  south-east  rather  than  east. 

The  series  is  divided  into  three  groups  named,  in  descending  order 
Ariyalur,  Trichinopoli,  and  Utatur.  The  following  table  taken  from  the 
Palaeontologia  Indica ,  exhibits  Dr.  Stoliczka's  final  views  as  to  the 
representation  by  these  groups  of  the  European  cretaceous  subdivisions  : 


South  India. 


A   R  1  YA  LtJ  R 

Group. 


Zone  of  Nautilus  danicus  and 
Ammonites  ootacodensis,  Ostrea 
pectinata,  and  0.  uf.gulata,  Giy- 
phaa  vesiculariSf  Inoceramus 
ttipsii,  Crania  ignabergensis. 

Zone  o\  Ammonites perampluSy  Pho' 
ladomya  caudata^  Modiola  typica, 
Ostrea  dituviana,  Rhynconella 
compressa. 


Trichino- 
**OLi  Group. 


^'    T   A  T  ^  R 
C»  ROUP. 


Zone  of  Ammonites  rostratus  and 
totomagensiSf  Inoceramus  labia- 
tuSf  Exogyra  suborbieulata  {Cry' 
phaa  columba)f  aud  Terebratula 
depressa. 


England. 


Upper  chalk 


Lower  chalk 


Chalk  marl 
and  upper 
greensand. 


France. 


Senonian 


.Turonian 


Cenomanian 
or  Tourtia. 


Germanv. 


Ober  Quader . 


Mittel 
der. 


Qua- 


Unter  Quade 
Unterer  Qua- 
dersandstein, 
and    Unterer 
Planer. 


The  Utatur  group  derives    its  name  from  a  large  village   twenty  miles 
'^orth-north-east  of  Trichinopoli.    The  beds  composing  the  group  are  chiefly 
^argillaceous  ;  fine  silts,  calcareous  shales,  and  sandy  clays,  frequently  con- 
cretionary and  more  or  less  tinted  with  ochreous  matter,  prevail  through* 
Qut  the  group,  and  in  the  southern  portion   of  the  area  constitute  almost 
^he  entire  bulk  of  the  deposit.     North   of  the  parallel  of  Utatur,  limestone 
bands  become  intercalated  in  the  lower  or  western  part  of  the  group   and 
sands,  grits,  and  conglomerates  in  the  upper  or  eastern  part,  these  changes 
*^  niineral   character  being  accompanied  by  a  great  enrichment  of  the 

*  ^ttl,  Indica^  series  viii,    IV,    Introduction,  I   or  misprints,  the  proof  of  the  original  was  pro- 
P-'»i  (1873).  As  there  are  several  slight  errors,  I  bably  not  corrected  by  Dr.  Stoliczka. 
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fauna  in  the  first  case  and  an  impoverishment  in  the  latter.  Conglomerates 
are  of  very  rare  occurrence  in  the  lower  beds.  Gypsum  occurs  in  most  of 
the  argillaceous  strata,  and  is  tt)  a  certain  extent  characteristic  of  the 
group.  The  dips  are  often  irregular,  and  apparently  due  to  the  original 
deposition  of  the  beds  on  shelving  banks.  This  irregularity  of  dip  renders 
it  impossible  to  form  any  trustworthy  estimate  of  the  thickness  attained  by 
the  group  as  a  whole ;  it  may,  however^  be  roughly  estimated  as  probably 
not  less  than  i,ooo  feet. 

At  the  base  of  the  Utatur  group  there  are,  in  several  places,  large 
masses  of  coral  reef  limestone,  resting  sometimes  on  the  upper  Gondwina 
plant  beds,  more  frequently  on  the  gneiss,  and  occasionally  on  the  lowest 
beds  of  the  Utatur  group  itself.  The  rock  is  a  nearly  pure  pale  coloured 
limestone,  compact  and  homogeneous,  but  often  with  a  flaggy  structure, 
and  frequently  irregularly  banded  with  white  streaks,  which,  on  weathered 
surfaces,  exhibit  the  corals  of  which  they  are  composed.  The  mass  of  the 
rock  also  sometimes  abounds  in  corals,  but  more  frequently  no  organic 
structure  can  be  traced.  In  lithological  character  this  rock  precisely 
resembles  the  coral  reef  limestone  of  the  present  day,  as  described  by 
Darwin,  Dana,  Jukes,  and  other  observers. 

The  usual  position  of  this  limestone  is  at  the  base  of  the  Utatur 
group,  resting  upon  older  rocks.  The  coral  reefs  appear  to  have  been 
frequently  exposed  to  denudation  during  the  deposition  of  the  later 
Utatur  beds,  amongst  which,  in  places,  calcareous  bands  are  found,  ap- 
parently derived  from  the  waste  of  the  reefs.  The  coral  limestone  now 
remains  in  the  form  of  small  isolated  patches,  scattered  along  the 
western  and  southern  margins  of  the  cretaceous  beds.  In  one  locality, 
however,  close  to  the  village  of  Caligudi,  on  the  southern  boundary 
of  the  cretaceous  area  and  twenty  miles  north-east  of  Trichinopoli,  by  far 
the  largest  outcrop  of  the  limestone  in  the  area  occurs  at  the  base  of 
the  Trichinopoli  group.  This  outcrop  is  of  considerable  breadth,  and 
extends,  with  one  or  two  breaks,  for  about  six  miles.  From  an  examina- 
tion of  all  the  circumstances,  however,  it  has  been  satisfactorily  ascer- 
tained that  this  outcrop  also  belongs  to  the  Utatur  group,  and  that  the 
Trichinopoli  group  rests  unconformably  upon  it. 

The  coral  reefs  appear  to  have  been  scattered  over  the  sea  bottom  in 
shallow  water,  and  probably  along  the  coast,  at  the  commencement  of 
the  period  during  which  the  cretaceous  deposits  of  Southern  India  were 
formed.  The  remaining  beds  of  the  Utatur  group  were  probably 
deposited  in  water  of  moderate  depth,  and  some  of  them  appear  to 
have  accumulated  on  submarine  banks,  possibly  formed  in  tidal  channels. 
Hence  the  false  bedding  so  prevalent  in  the  rocks.  The  coarser  con- 
stituents of  the  rocks  to  the  northward  appear  to  indicate  that  the 
current  which  brought  the  sediment  flowed  from   that  direction,  and   the 
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oceurrence  of  littoral  forms  of  mollusca  in  greater  abundance  throughout 

the  northern  parts  of  the  area  may  be  accounted  for  in  the  same  manner. 

Tbe    beds  in  the  southern  portion  of  the  Utatur  area  appear  to  have  been 

formed  of  fine  silt,  deposited  in  a  bay  where  the  force  of  the  current  was 

less  than  to  the  northward,  and  the  fossils   which  occur  are  mostly    the 

renria.ins   of    pelagic  animals,    such   as    Belemnites^   a   few   Ammonites^ 

chiefly   of  Cristati  group,  or  else  peculiar  forms  of    Vertneiidss  {Tuiu/* 

osttM^m  discoideum  and  T.  callosum)^  which  probably    lived    in  the  mud. 

The  Ammonites  and  Nautili^  which  are  numerous  to  the  northward,  are 

scarce    in   the   southern  portion  of  the  area.     Cycadeaceous  fossil  wood, 

sometimes  bored  by    Teredo  and  other   Pholadidss^   abounds  in  certain 

{>a.rts  of  the  group.     On  the  whole,  there  appears  every  reason   to  believe 

that  the  Utatur  beds  were  formed   in  the  neighbourhood  of  a  coast  line. 

The  distribution  of  the  Utatur  beds  in  the  Trichinopoli  district  is  very 
simple.  They  form  the  western  portion  of  the  cretaceous  area  through- 
out, their  outcrop  being  in  general  from  three  to  hve  miles  broad,  except 
to  the  northward,  where  it  diminishes  in  consequence  of  the  beds  being 
overlapped  by  those  of  the  next  group,  till,  at  the  village  of  Olap^di  in 
the  northern  portion  of  the  tract,  the  breadth  of  the  Utatur  outcrop  does 
not  exceed  half  a  mile.  At  the  extreme  northern  point  of  the  area,  both 
the  Utatur  and  Trichinopoli  groups  are  completely  overlapped  by  the 
uppermost  subdivision. 

The  Utatur  beds  are  not  represented  in  the  Viruddhichalam  area,  but 
they  re-appear,  as  already  mentioned,  near  Pondicherri.  Mere  the  beds 
formerly  classed  as  the  Valudayur  group,  and  considered  neocomian  by 
Forbes,  but  which  were  shown  by  Stoliczka  to  contain  several  species  of 
fossils  common  to  the  Utatur  group,  consist  chiefly,  like  the  strata  near 
1-^ta.tur,  of  argillaceous  beds,  sandy  shales,  and  sands,  with  occasional  bands 
of  limestone  and  calcareous  concretionary  nodules.  Conglomerates  occasion- 
ally occur  amongst  the  lowest  beds  seen,  but  the  most  characteristic  band 
*s  composed  of  dark  grey,  compact  limestone  in  large  nodules,  sometimes 
highly  fossiliferous,  Baculites  vagina  being  the  commonest  fossil. 

The  area  occupied  by  the  Utatur  or  Valudayur  beds  near  Pondicherri 

extends   from    Valudayur   for   about   nine  miles  to  the  north-east  and   is 

about  four  miles   broad.     The  beds  are  not  seen  to  rest  upon  any  older 

lormation.    The  country  north  and  south  is  covered  with  alluvium.   To  the 

eastward  the  Utatur  beds   disappear   beneath  the  Ariyalur  group,  and  to 

the  westward  beneath  the  Cuddalore  sandstones  of  Tiruvakarai  (Trivicary). 

The  beds  to  the  westward  appear  to  be  the  lowest,  and  there  is  a  dip  to 

the  eastward. 

The  fauna  of  the  Utatur  group  is  very  rich,  no  less  than  297  species  of 
Invertebrata  having  been  described  from  it.  It  has  yielded  an  especially 
^rge  number  of  Cephalopoda^  109  species,  95  of  which  have  not  been  met 
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With  in  the  Trichinopoli  or  Ariyalur  group.  Of  these  109  species,  27  are 
known  to  occur  in  Europe,  or  elsewhere  out  of  India^  and  although  the 
majority  are  distinctly  and  characteristically  middle  cretaceous  forms,  three 
are,  in  Europe,  neocomian  species,  vis.  Nautilus  neocomtensist  Ammonites 
velledae^  and  A,  rouyanus^  whilst  no  less  than  nine  are  found  in  the  gault, 
several  of  the  latter  ranging,  however,  into  the  upper  greensand  (ceno- 
manian).  Amongst  the  forms  which  are  not  European,  the  most  remark- 
able are  three  species  belonging  to  the  section  of  Ammonites  known  as 
globosiy  which,  amongst  European  rocks,  are  especially  characteristic  of 
the  triassic  period.  A  very  large  proportion  of  the  Cephalopoda  were 
in  the  neighhourhood  of  two  villages,  Odiam  and  Maravatur,  on 
"the  road^l¥§inJE6£anibaldr  to  Arialur,  and  about  twelve  miles  north-east 
of  Utatur. 

The  Gasteropoda  comprise- ^only  43  species,  a  number  far  in- 
ferior to  that  found  in  each  of  the  other -gj^oups,  and  the  majority  of 
these  are  littoral  forms.  The  LamellibrancJifaJa  {Pelecypoda)  are  79 
in  number,  the  Brachiopoda  9,  Echinodermata  10,  em>i.  Corals  42,  with  one 
species  of  sponge  and  one  annelid.  The  forms  found  a,lso  in  other  coun- 
tries belong  almost  without  exception  to  the  upper  greenss^nd  (cenomanian) 
or  higher  groups,  thus  presenting  a  remarkable  difference  R'pm  the  Cepha^ 
lopoda^  in  which  gault  forms  are  so  largely  represented,  TK«  only  fossils 
of  much  importance,  besides  the  Mollusca^  are  the  corals,  which,  from  the 
prevalence  of  reefs  at  the  base  of  the  group,  are  superbly  repre^sented,  no 
less  than  42  species,  belonging  to  23  genera,  being  known  to  occur. 

« 

The  Trichinopoli,  or  middle  group,  of  the  Southern  Indian  Cretaceous 
series  derives  its  name  from  the  district  of  Trichinopoli,  to  which  it  is,  so 
far  as  present  exploration  extends,  entirely  restricted.     To  the  «south  it 
consists  chiefly  of  sands  and    clays,  very  irregularly  bedded,  witA  a  few 
bands  of  limestone  and  some  conglomerates,  and  it  differs  litholtogically 
only  in  one  important  respect,  which  will  be  described  presently,  from  the 
Utatur   group.     North  of  the  parallel  of  Utatur   regular  bands    oi    shell 
limestones  become  intercalated  in  the  lower  beds  of  the  deposit  apd,  to 
the  northward,  the  whole  group  is  composed  of  regularly  stratified  alterna- 
tions  of   sand,   sandy  clays,  and    shales,  with   bands  of   shell  limestd>Ci 
calcareous  grit  and  conglomerate,  ^ 

A  peculiarity   by  which  both  the  Ariyalur  and  Trichinopoli    beds    \x\ 
the   southern  part   of  the   cretaceous    area   are    distinguished    from    the  . 
Utatur    is    the   occurrence   of    granite    pebbles  in    considerable  quantity  V 
in   the  gravels   and  conglomerates  of  the    two    former,    whilst  none    are     ^ 
found  in    the    lower  subdivision.     In   the    Utatur  group   the  materials   of 
the   few   conglomeratic  or   gravelly   beds  which  occur  are  derived  either 
from    the   gneiss  or   from  the   coral   reef  limestone,    whilst    in   the    two 
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upper  groups   conglomerates  are    more    frequently  met  with,   and  loose 

masses  of  unstratified  gravel  and  beds  of  rolled  pebbles,  almost  entirely 

composed    of   granitic  materials   and    resembling   the  shingle  of   a    sea 

beach,  are   of   common  occurrence.     The  source   of  the   granite  pebbles 

was  evidently   the  broad  belt  of  granitic  rocks  which  forms  the  southern 

boundary  of  the  cretaceous  area,  dividing  it  from  the  alluvium  of  the  Cauvery 

throughout  the  greater  portion  of  its  extent,  and  the  necessary  inference 

is,  that  this  band  of  rock  was  in  all  probability  beneath  the  sea  during  the 

deposition  of  the  Utatiir  beds,  and  that  it  was  elevated  above   the  water 

in  the  interval  between  the  Utatur  and  Trichinopoli  ages. 

The  Trichinopoli  beds  are,  even  more  characteristically  than  the 
Utaturs,  the  littoral  deposits  of  a  shallow  sea.  This  is  proved,  not  only 
by  the  frequent  occurrence  of  coarse  sediment  and  the  great  irregularity  of 
the  deposits  in  part  of  the  area,  but  by  the  abundance  of  fossil  wood,  almost 
exclusively  exogenous  and  apparently  cycadeaceous.  Trunks  of  trees 
are  met  with  of  great  size,  as  much  as  three  feet  in  diameter  and  sixty 
feet  in  length,  much  of  the  wood  being  perforated  by  boring  moUusca. 

The  shell  limestone  of  Garudamangalam,  east  of  Utatur,  and  other 
places  is  a  very  fine,  hard,  bluish  grey,  translucent  rock,  usually  abounding 
in  beautifully  preserved  shells,  both  Gasteropoda  and  Lamellihranchiata^ 
which  retain  their  original  polish,  and  occasionally  even  the  colouration  of 
their  surfaces.  This  rock,  known  as  Trichinopoli  marble,  is  largely 
quarried  for  ornamental  purposes,  and  has  yielded  a  considerable  propor- 
tion of  the  fossils  found  in  the  group.  The  limestone  occasionally  contains 
pebbles  of  granite  or  fragments  of  fossil  wood,  either  of  which  is  sufficient 
to  distinguish  it,  even  when  it  is  unfossiliferous,  from  the  Utatur  lime- 
stones. 

The  beds  of  the  Trichinopoli  group  are  unconformable  to  the  Utaturs, 
upon  which  they  rest  throughout  the  greater  part  of  the  area,  the  evidence 
of  unconformity  not  being  confined  to  overlap,  but  depending  chiefly  upon 
the  proof  afforded,  by  the  rocks  at  the  southern  edge  of  the  area,  that  the 
Utatur  beds  had  been  disturbed  and  faulted,  probably  at  the  period  of 
upheaval  of  the  granitic  band  already  mentioned,  before  the  deposition  of 
the  Trichinopoli  formation.  Elsewhere  also,  the  Trichinopoli  beds  rest 
in  places  upon  a  denuded  surface  of  Utaturs.  There  is  also  a  great 
change  in  the  fauna.  In  the  southern  portion  of  their  range  the  Trichino- 
poli beds  rest  partly  upon  the  coral  reefs,  which  have  been  already  shown 
to  be  some  of  the  lowest  beds  of  Utatur  age,  and  partly  on  the  metamor- 
phics,  a  considerable  portion  of  the  boundary  being  formed  by  the 
granitoid  rocks  so  frequently  mentioned  already. 

The  present  group,  like  the  Utatur,  is  so  irregularly  bedded,  and  the 
dips  seen  are  so  frequently  those  of  original  deposition,  that  no  trust- 
worthy estimate  of  the  thickness  can  be  formed.     The  general  inclination 
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is  to  the  eastward,  the  average  breadth  of  the  outcrop  is  nearly  the  same 
as  that  of  the  Ulatur  beds,  and  the  same  minimum  thickness,  ins.  1,000 
feet,  may  be  assumed ;  the  general  dip  of  the  bedding  in  the  more  regular- 
ly  stratified  portion  of  the  group  to  the  northward  is,  however,  lower 
than  in  the  underlying  group,  averaging  about  6^.  The  beds  tliin  out 
greatly  to  the  northwaid,  and  are  at  length  completely  overlapped  by  the 
Ariyalurs. 

It  has  already  been  stated  that  the  Trichinopoli  group  is  confined,  so 
far  as  is  at  present  known,  to  the  Trichinopoli  area.  Within  that  area  it 
forms  a  belt  east  of  that  formed  by  the  Utatur  g^oup,  and  extending 
similarly  from  south-south-west  to  north-north-east.  The  Trichinopoli 
outcrop  is,  however,  broader  in  the  southern  half  of  the  area,  where  it  is 
about  four  miles  across,  than  in  the  northern  half,  where  it  is  in  no  place 
more  than  two  miles  wide.  It  thins  out  and  disappears  completely  about 
two  miles  south  of  the  place  where  the  Utaturs  are  similarly  overlapped 
by  the  Ariyalur  beds.  Along  the  southern  boundary  of  the  Utatur  area, 
several  outliers  of  Trichinopoli  beds  are  found,  resting  partly  on  the  Utaturs 
and  partly  on  the  gneiss,  and  occasionally  overlying  the  faulted  boundary 
between  the  two  formations.  These  small  outliers,  one  of  which,  south  of 
Tirupatur,  forms  the  south-western  corner  of  the  whole  area,  are  composed 
of  coarse  sands  and  conglomerates,  usually  unfossiliferous,  but  occasionally 
containing  Chemnitsia  undosa  and  other  characteristic  Trichinopoli  fossils, 
and  the  materials  of  which  they  are  formed  are  derived  chiefly  from  the 
metamorphic  rocks,  but  partly  from  the  denudation  of  the  Utatur  beds. 

The  fauna  of  the  Trichinopoli  group,  although  not  quite  so  rich  as 
that  of  the  Utatur  beds,  affords  a  full  illustration  of  the  life  existing  at  the 
period,  186  species  of  Invertebrata  having  been  described  from  these 
beds  by  Dr.  Stoliczka.  The  Cephalopoda  are  comparatively  poorly 
developed,  only  23  species  having  been  detected,  and  of  these  but  10,  of 
which  four  are  European,  are  in  India  peculiar  to  the  group.  All  the 
Cephalopoda  identified  belong  to  the  two  genera  Nautilus  and  AmmO" 
ftileSf  the  non-discoid  Ammonitoid  genera,  such  as  Anisoceras^  Scaphites^ 
Turrilites^  etc.,  so  largely  represented  in  the  Utatur  group,  as  well  as  the 
BeleinniteSf  so  abundant  in  the  lower  subdivision,  being  apparently  want- 
ing in  the  Trichinopoli  beds.  The  Rotomagenses  Ammonites,  so  charac- 
teristic of  the  lowest  cretaceous  subdivision  in  Southern  India,  are  also 
wanting  in  the  higher  groups,  with  one  doubtful  exception.  A  few  forms, 
usually  associated  with  older  strata,  still  survive,  however,  such  as  Ammo- 
Kites  menu,  belonging  to  the  Armati  (a  Jurassic  group),  A.  koluturensis  of 
the  Macrocephalus  group,  allied  to  such  oolitic  species  zsA,  macrocephalus 
and  A.  herveyi,  and  A,  theohaldianus,  one  of  the  Planulati  allied  to 
upper  Jurassic  forms,  such  as  A.  biplex.  Most  of  the  types  found  are, 
however,  characteristically  upper  cretaceous. 
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On  -the  other  hand|  Gasteropoda,  comprising  86  species,  are  much  more 
abundant  than  in  the  Utatur  group,  Lamellibranchiata,  comprising  66 
species,  being  rather  less  numerous.  There  are  but  5  Brachiopoda  and  6 
corals,  whilst  no  Echinodermata  have  been  recognised.  The  Gasteropoda 
include  several  siplionostomate  genera,  rare  in  the  older  rocks,  and  not 
found  in  the  Utatur  beds,  the  number  increasing  greatly  in  the  next  higher 
subdivision,  that  of  Ariyalur.  The  whole  fauna  exhibits  a  mixture  of  upper 
and  middle  cretaceous  forms,  and  appears  fairly  to  represent  the  lower 
chalk  of  England  or  the  turonian  of  continental  geologists. 

The  name  of  the  highest  group  of  the  Southern  Indian  cretaceous  series 
is  derived  from  the  town  of  Ariyalur,  which  is  situated  nearly  in  the  middle 
of  the  comparatively  large  expanse  of  Ariyalur  beds  in  the  Trichinopoli 
district.  The  country  occupied  by  the  beds  of  this  group  is  much  covered 
with  cotton  soil,  and  sections  are  even  rarer  than  in  the  two  lower  cre- 
taceous subdivisions. 

The  Ariyalur  beds  are  more  sandy  than  the  two  lower  groups  and  more 
uniformly  bedded,  the  beds  being  thick  and  homogeneous,  consisting 
principally  of  white  unfossiliferous  sands  and  grey  argillaceous  sands,  with 
casts  of  small  fossils.  Beds  of  calcareous  grit  and  nodular  calcareous 
shales  are  found  towards  the  base,  and  again  in  the  upper  portion  of  the 
group,  constituting  two  highly  fossiliferous  zones,  separated  by  a  con- 
siderable thickness  of  deposits,  in  which  fossils  are  rare  or  wanting, 
although  some  interesting  femains  of  a  Megalosaurus  were  found  in  one 
of  the  beds.  A  band  of  flints  is  associated  with  the  uppermost  beds. 
There  is  a  marked  difference  between  the  fossils  of  the  upper  and  lower 
zones  in  Trichinopoli,  and  it  appears  very  probable  that  further  examina- 
tion of  the  rocks,  now  that  the  fossils  have  been  compared  and  determined, 
would  justify  the  separation  of  this  group  into  two— a  probability 
which  was  pointed  out  by  Mr.  H.  F.  Blanford  at  the  time  of  the  original 
survey,  although  not  shown  on  the  map  nor  applied  in  the  discrimination 
of  the  fossils,  because  of  the  doubts  which  remained  as  to  the  distinction 
of  the  two  subdivisions  in  the  Pondicherri  area,  where  the  fossils  of 
both  upper  and  lower  Ariyalur  beds  appear  to  occur  together.  Conglo- 
merates are  of  rare  occurrence  in  the  Ariyalur  group,  though  a  coarse 
bed  is  found  in  places  near  the  base,  and  there  is  but  little  irregularity 
in  the  bedding,  except  close  to  the  southern  boundary.  The  constituents 
of  the  Ariyalur  beds  were  derived  chiefly  from  the  metamorphic  rocks, 
amongst  others  from  the  granitic  band  to  the  southward,  but  a  portion 
of  the  sediment  must  have  been  furnished  by  the  waste  of  some  of  the 
older  cretaceous  groups,  probably  the  Utatdrs. 

The  above  description  of  the  lithological  characters  is  principally 
taken  from   the  beds   near  Ariyalur,   but  it   is   also  to  a  great  extent 
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applicable  to  the  rocks  seen  near  Viruddh^chalam  and  Pondicherri. 
In  both  localities  the  Ariyaldr  deposits  are  chiefly  represented  by  sands  or 
sandy  clays,  and  by  beds  of  arenaceous  limestone  or  calcareous  sandstone 
at  the  base  of  the  group.  The  strata  appear  to  thin  out  to  the  northward, 
and  it  is  far  from  clear  whether  the  uppermost  fossiliferous  zone  ex- 
tends in  that  direction^  although  some  of  its  characteristic  fossils^  such 
as  Nautilus  danicus^  occu.r  abundantly  near  Pondicherri.  It  has  not, 
however/ been  hitherto  found  practicable  to  determine  whether  a  distinct 
upper  zone  exists  near  Pondicherri  or  whether  representatives  of  the 
upper  fauna  occur  in  beds  of  lower  horizon  than  those  in  which  the  same 
species  are  found  near  Ariyalur. 

There  is  consequently  some  obscurity  concerning  the  relations  of  the 
beds  belonging  to  the  Ariyalur  group  amongst  themselves,  and  this  difficulty 
is  complicated  by  the  circumstance  that  there  is  in  many  places  an  ap- 
parent passage  from  the  Trichinopoli  group  into  the  Ariyalur  beds,  the 
rocks  being  similar  in  mineral  character  near  the  junction,  and  the  fossils 
being  chiefly  forms  which  appear  to  range  from  one  group  into  the  other. 
It  is  highly  probable  that  further  examination  of  the  ground,  which,  as 
has  been  already  noticed,  is  so  much  concealed  by  superficial  accumula- 
tions that  the  different  groups  can  frequently  only  be  traced  by  their  fossils, 
would  show  either  ihat  the  number  of  groups  or  of  pa  laeon  to  logical  zones 
must  be  increased,  or  else,  in  some  cases,  that  fossils  supposed  to  have  been 
procured  from  the  Trichinopoli  group,  have  really  been  derived  from  the 
Ariyalur,  and  vice  versd. 

The  area  occupied  by  the  Ariyalur  beds  in  the  eastern  portion  of  the 
Trichinopoli  tract  amounts  to  about  200  square  miles,  or  more  than  that 
covered  by  both  the  other  subdivisions  together,  the  outcrop  where  broad- 
est, near  Ariyalur,  is  about  sixteen  miles  wide  and  extends  for  twenty-six 
miles  from  north  to  south. 

The  Ariyaltir  beds  also  occupy  the  greater  portion  of  a  tract  sixteen 
miles  long  by  five  miles  broad  near  Viruddhdchalam,  and  another  about 
twelve  miles  long  from  south-west  to  north-east,  by  two  miles  broad,  west 
of  Pondicherri,  whilst  a  very  small  exposure  of  them  occurs  close  to  the 
coast  ten  miles  north  of  Pondicherri,  and  another  still  smaller  three  miles 
farther  north. 

The  lowest  fossiliferous  zone  is  found  resting  upon  the  Trichinopoli 
beds,  throughout  the  western  portion  of  the  Ariyalur  area  in  the  Trichinopoli 
district,  and  the  same  zone  appears  to  be  also  represented  in  the  Virud- 
dhcLchalam  and  Pondicherri  exposures.  The  great  bulk  of  the  outcrop  in 
all  three  tracts  appears  to  consist  of  the  thick  sands,  with  but  few  deter- 
minable fossils,  forming  the  middle  portion  of  the  formation,  whilst  the 
upper  fossiliferous  beds  are  only  seen  north  of  Ariyalur,  near  the  villages  of 
Sainthoray,  Niniyur,  and    other   places   farther  north,  in  the  long  strip  of 
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cretaceous  rocks  which  forms  the  north*eastern  extremity  of  the  Trichino- 
poli  area. 

Although  the  thickness  of  the  Ariyalur  group  can  be  estimated  with  a 
nearer  approach   to  probability  than  in  the  case  of  the  two  lower  creta- 
ceous formations,  the  estimate  is  still  far  from  accurate.     The  dip  of  the 
beds  is  very  low,  rarely  exceeding  two  or  three  degrees,  the  general  incli- 
nation being  north-east,  and  the  whole  of  the  beds  in  all  probability  do  not 
exceed  1,000  feet  in  Trichinopoli.     Near  Viruddhdchalam  they  appear  to 
be  very  thin,  and  in  the  neighbourhood  of  Pondicherri  they  are  too  obscurely 
exposed  for  any  estimate  of  their  thickness  to  be  attempted.     There  is  an 
apparent  diminution  of  thickness  to  the  northward,  as  in  the  other  groups, 
but  this  attenuation  appears  to  be  greatest  near  Viruddhdchalam,  and  takes 
place  less  rapidly  farther  north,  even  if  the  beds  are   not  thicker  in   that 
direction. 

The  AriyaliSr  beds,  as  has  been  already  stated,  frequently  appear  to 
pass  into  the  Trichinopoli  group  at  their  base.  They  overlap  the  lower 
groups  however,  both  to  the  north  and  south,  and  theie  is,  in  places,  an 
appearance  of  unconformity  where  they  rest  upon  the  Trichinopoli  beds, 
nor  is  it  easy  to  understand  the  very  rapid  diminution  in  the  thickness  of 
^he  latter  to  the  northward  without  supposing  that  they  had  been  partially 
denuded  in  pre-Ariyalur  times. 

>\s  was  noticed  in  the  description   of  the  Utatur  group,    the  Ariyalur 

beds   rest    upon  the  Utaturs  for  a  distance  of  rather  more  than  two  miles 

'n  the  northern  part  of  the  Trichinopoli  area,  and  still   farther  north  the 

former   were   deposited    directly   on   the   gneiss.     They  also  rest  on  the 

gneiss  throughout  the  whole  breadth  of  their  outcrop  in  the  south  of  the 

*  richinopoli  area,  and  in   the  Viruddhichalam  cretaceous  tract,  whilst  in 

^he     neighbourhood   of  Pondicherri  they  are  deposited  to  the  eastward  on 

^ne  Valudayur  representatives  of  the  Utatur  group,  and    to   the   westward 

^^    beds  are  seen  beneath  them,  the  Cuddalore  sandstones  covering  the 

*-^^undary  completely.     Throughout  the  Trichinopoli  and  Viruddhichalam 

^'■^asthe  Ariyalur  beds  disappear  to  the  eastward  beneath  the  Cuddalore 

^^ndstones,  which  are  unconformable  to  the  cretaceous  beds,  and  the  latter 

^'"^  covered  up  by  alluvial  deposits,  intervening  between    the  three   areas, 

^'^    the  valleys  of  the  Vellar  and  Penner  rivers,  and   also   to   the  north   of 

^'^^  Pondicherri  area. 

The  Ariyalur  beds  appear  to  have  been  chiefly  deposited  in  a  tranquil 
^^a.  of  small  depth,  although  the  deposits  are  less  characteristically  lit- 
*^oral  than  those  of  the  Trichinopoli  group,  and  the  evidence  of  the 
Neighbourhood  of  land  afforded  by  the  occurrence  of  fossil  wood  is  less 
^^Undant. 

The  invertebrate  fauna  of  the  Ariyalur  group  exceeds  in  richness  even 
^-^^at  of  the  Utatur  beds,  no  less  than    365   species   having  been   detected 
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in  the  uppermost  subdivision  of  the  cretaceous  rocks  of  Southern  India. 
The  0/)Aj/^/(7^fl  comprise  36  species,  Gasteropoda  138,  Lame/Iibran- 
chiata  117,  Brachiopoda  12,  Bryozoa  23,  Echinodermata  26.  Anthozoa 
10,  Foraminifera  i,  and  Vermes  2.  It  is  highly  probable  that  this  large 
number  may  be  due  partly  to  the  circumstance  that  the  Ariyalur  deposits 
comprise  two  groups  differing  somewhat  in  age.  The  lower  fossiliferous 
beds,  from  which  the  bulk  of  the  fossils  have  been  procured,  correspond 
very  fairly  with  the  senonian  beds  of  France  and  the  upper  chalk  with 
flints  of  England.  From  this  horizon  all  the  Cephalopoda  found  in  the 
formation  have  been  derived,  with  the  exception  of  Nautilus  danicus^ 
which  was  only  observed  in  the  upper  beds  of  Niniyur,  etc.,  in  the  Tri- 
chinopoli  area,  although  some  specimens  were  obtained,  apparently  from 
a  lower  horizon,  near  Pondicherri.  The  fauna  of  these  upper  beds  will 
be  noticed  separately  ;  the  following  remarks  apply  to  the  remainder  of 
the  group. 

In  the  Ariyalur  beds,  as  in  the  lower  subdivisions,  there  are  some  forms 
of  Cephalopoda  which  are  in  Europe  characteristic  of  older  beds. 
These  comprise  two  gault  species  of  Nautilus^  N.  bouchardianus  and 
A^.  clementinuSf  Ammonites  menu,  found  also  in  the  lower  groups,  and 
belonging^tiTfKe  Jurassic  section  Sf\armatif  A.  velledas^  a  lower  and 
middle  cretaceous  form  in  Europe,  t\ioyn(i^ocephaliy  A.  deccanensis^  and 
A*  arrialoorensts^  and  one  of  the  Planulatt^>A^heobaldianus,  Very  few 
older  forms  occur  in  the  other  classes  of  mollusca,  and  the  great  majority 
of  the  species  common  to  Europe  are  found  in  the  upp^  cretaceous  beds 
of  England,  France,  and  Germany.  \ 

The  most  striking  peculiarity  of  the  Ariyalur  fauna  is   the  ^eat  abun- 
dance of  Gasteropoda^  and  especially  of  the  carnivorous  prosobf^nchiate 
forms,  which,  as  is  well  known,  appear  to  replace  the  Cephalopoahoi  the 
older  periods  in   tertiary  and    recent  seas.     Several  genera  not  previous- 
ly known  from  cretaceous  beds  have  been  detected  in  the  Ariyalur  gI^pup, 
and  the    Cypraida  and    Volutidae  are  especially  well   represented.     The 
Lamellibranchiata   are   also  very   numerous,    whilst  all  the  Bryozoa  and 
the  great  majority  of  the  Echinodermata  hitherto  found  in  the    cretaceous 
beds   of   Southern  India  have  been  obtained  from  the  highest  subdivision. 
Lower  forms  of  animals  are  but  poorly  represented.    Amongst  the  Verte- 
^r/i/tf  the  only  important  species  is    a  Megalosaurus^^  of  which  a  tooth  v 
was  found  in  the  middle  beds  of  the  deposit,  together  with   a   number    of  ^ 
bones,    which,   however,   could   not   be  extracted  in  a  sufficiently  perfect  ; 
state  for  determination.     The  tooth  closely   resembles   that   of  M.  buck-  ? 
landi^   found  in  the  Stonesfield  slate  and  Portland  oolites  of  England,  and  \ 
the  occurrence  of  this  genus  in  the  upper  cretaceous  beds   of  India   is   of  \ 

» Memoirs,    IV,  Ij8,  139,  iS^i-Records,  X,  41,  (1877). 
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pecoliar  interest,  because  it  only  ranges  from  the  lias  to  the  wealden 
in  Europe.  In  this  instance,  as  in  several  others,  the  land  fauna  appears 
to  have  differed  more  from  that  which  inhabited  distant  parts  of  the  earth 
thao  the  marine  fauna  did. 

The  fauna  of  the  uppermost  Ariyalur  beds  found  at  Niniyur  and  other 
places  to  the  north-east  of  Ariyalur,  comprises  very  few  species  which  are 
found  in  the  lower  portion  of  the  group.  Some  of  the  fossils  found  most 
abundantly,  such  as  Nautilus  danicus  and  Orbitoides  faujasi\  are  charac- 
teristic of  the  uppermost  cretaceous  deposits  of  Maestrirh,  Aix  la  Chapelle, 
and  the  Danish  Island  of  Rugen  (Danien  of  D'Orbigny).  No  other 
Cephalopod  except  Nautilus  danicus  occurs  in  the  Niniyur  beds,  whilst  the 
characteristically  mesozoic  genera  Inoceramusj  Radiolites^  Trigonia^  Tri- 
^Oftoarca,  and  Leptomaria^  which  are  abundantly  represented  in  the  lower 
portion  of  the  Ariyalur  group,  areer«cirely  wanting  in  the  uppermost  fossili- 
f  erous  zone,  where  the  only  important  mesozoic  genus  is  Nerinaea,  On  the 
other  hand,  however,  no  typically  tertiary  forms  make  their  appearance 
except  carnivorous  Gasteropoda,  and  these  are  not  more  numerous  in 
proportion  than  in  the  lower  zone,  although  some  additional  forms  are 
presented. 


Besides  the  fo<5siIs  characteristic  of  each  group,  there  are  a  few  species 
^'hich  are  found  throughout  the  whole  series.  The  most  important  of  these 
^«"e  Nautilus  huxleyafiuSj  Ammonites  planulatus  (cenomanian,  gault), 
^  ^^^jtullina  Suldiformis  (turonisin J  senonian),  Gyrodes  pansuSy  Solariclla 
^^^iatula  (senonian),  Vola  quinqutcostata  (upper  and  middle  cretaceous), 
-^  ^^xmonites  menuy  Forbes,  is  also  supposed  to  be  found  in  all  three  sub- 
^iv-isions,  although  there  is  some  doubt  about  the  Utatur  beds,  and  a  rare 
^^^cina^  L,  {Myrtea)  arcotina^  has  also  been  procured  from  all  the  groups. 
^OiTie  of  these  fossils,  although  found  throughout  the  series,  are  especially 
^^^^.racteristic  of  one  subdivision,  as  in  the  cases  of  Nautilus  huxleyanus 
Solariella  radiatula, 

A  large    number   of  forms   are  common  to  two  groups.     The  table   on 

_;e  245   exhibits  the  number  of  each  class    of  Invertebrata    found  in 

^^^    different  formations,   and   the  proportion  found  also   in    Europe,   or 

^^mmon  to  two  or  more  groups.     The  Vertebrata  are  represented  by  17 

^P^cies  of  fishes  and  one  saurian,  but  the  remains  are  of  the    most   frag- 

'^^ntary  description,  consisting  in  most  cases  of  single  teeth,  and  it  is  not 

^^rtain  from  wliich  group  some  of  the  specimens  were  originally  derived. 

Adding  these  few  vertebrata  to  the  numbers  given  in  the  table,  we 

*^^ve  a  grand   total  of  nearly  800  species  of  animals  from  the  cretaceous 

^^posits  of  Southern  India.     Much  time  vvas  devoted  to  the  collection  of  the 

*^ssils,  and  their  exhaustive  examination  by  Dr.  Stoliczka  has  furnished  the 

*^^st  evidence  extant  for  the  correlation  of  any  Indian  fossil  fauna  with  that 
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of  European  rocks  of  corresponding  age.  Of  the  whole  invertebrata  16*36 
per  cent,  consist  ot  forms  known  to  occur  in  cretaceous  beds  in  Europe. 
The  great  majority  of  these  are  middle  or  upper  cretaceous  (cenomanian 
to  senonian),  but  there  are  amongst  the  Cephalopoda  several  forms 
which,  in  Europe,  have  only  been  found  in  lower  beds  (neocomian  and  gault), 
whilst  a  few  are  representatives  of  European  Jurassic  forms,  and  three 
species  of  Ammonites  belong  to  a  triassic  section  of  the  genus.  The 
general  facies  of  the  cephalopodous  fauna  found  in  the  lowest  group,  that 
of  Utatur,  approximates  to  that  of  the  European  gault,  but  nearly  all  the 
species  of  the  other  classes  of  mollusc  a  found  in  the  same  beds  belong  to 
a  higher  horizon,  cenomanian  (upper  greensand),  or  even  higher. 

The  whole  of  the  cretaceous  rocks  of  Southern  India  appear  to  have 
been  formed  in  shallow  water,  in  the  neighbourhood  of  a  coast  line,  and 
it  is  possible  that  the  relative  elevations  of  the  country  have  undergone 
but  little  change  since  cretaceous  times.  Then,  as  now,  there  was  higher 
ground  to  the  westward,  and  the  ancient  coast  line  appears  to  have 
been  approximately  parallel  to  the  present,  although  farther  to  the  west. 
We  have  thus  in  the  cretaceous  formation  a  confirmation  of  the  evidence, 
already  afforded  by  the  lower  mesozoic  deposits,  that  the  Indian  peninsula 
is  a  land  area  of  great  antiquity. 

Amongst  the  descriptions  by  Dr.  Stoliczka,  of  the  cretaceous  fossils 
from  Southern  India,  the  following  species  of  Lamellibranchiata  are  in- 
cluded from  Sripermatur,  twenty-five  miles  west-south-west  of  Madras, 
already  mentioned  as  the  typical  locality  for  a  group  of  the  upper 
Gondwana  series  : — 

5y>/i'»r/'o/<J,  sp.  indet.  i         Pseudomonotis  fallaciosi. 


Hippagus  emilianiis. 

Yoldia  ohiusata. 

Trigonoarca  galdrina.  Peclen  arcotensis. 


„  tnops, 

Lima  oldhimiana. 


Two  of  these,   Yoldia  obtusata   and    Trigonoarca  galdrina^    are   aliSr 


.  ..  ^  —  --  -     I  — 

found  in  the  Ariyalur  group  of  the  Trichinopoli  district,  but  the  identifies, 
tion  of  the  Sripermatur  species  referred    to    the    Yoldia    is    slightly   op 
to  doubt.     Trigonoarca  galdrina  is,    however,  a    well  marked    form,   a 
it  belongs  to  a  characteristically  cretaceous  genus. 

The  specimens  were  collected  by  the  late  Mr.  Charles  Oldham  bef 
the  country  was  properly  examined,  and  there  appears  some  slight  do 
as  to  the  precise  beds  from  which  they  were  obtained.  Some  of 
specimens  were  from  Sripermatur  itself,  others  from  Rajah's  Choul 
The  only  cretaceous  fossils  found  by  Mr.  Foote,  who  mapped  the  cour 
in  the  Sripermatur  neighbourhood,  occurred  in  water-worn  blocks  of  g 
or  greenish  grey  gritty  sandstone^  resting  loosely  on  the  surface  of  jura? 
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beds  near  Sripermatur.^  The  origin  of  these  boulders  could  not  be  traced, 
and  the  fossils  cannot  now  be  found  ;  amongst  the  forms  obtained  were 
four  or  five  species  of  Antmoniies,  some  Belemnites,  etc. 

As  will  be  presently  shown,  there  is  a  great  difference  between  the 
fauna  of  the  cretaceous  rocks  in  Southern  India  and  that  of  the  deposits 
of  similar  age  on  the  Narbadd,  but  on  the  other  hand  many  of  the  fossils 
of  the  Trichinopoli  area  are  found  in  the  cretaceous  rocks  of  the  Khisi  hills, 
to  the  north-east  of  Bengal,  between  Assam  and  Sylhet.  So  many  species 
indeed  are  common  to  the  Trichinopoli  and  Khisi  deposits  that  it  is  prob- 
able that  the  two  regions  were  part  of  the  same  marine  area.  The  creta- 
ceous rocks  of  the  Khisi  hills  are  almost  unquestionably  identical  with 
those  extending  throughout  the  hill  ranges  south  of  Assam  and  the  same 
strata  are  probably  represented  in  Arakan.  The  description  of  these  rocks 
will  be  best  deferred  to  a  subsequent  chapter,*  but  the  palaeontological 
results  may  be  noticed  here. 

In  a  small  collection  of  fossils  Dr.  Stoliczka'  recognised  the  following 
species.  The  highest  fossiliferous  band,  about  200  feet  below  the  edge 
of  the  cliff  at  Maosmai,  a  coarse  sardy  limestone,  contains  small  Lamel- 
libranchiata^  2,  Cellepora^  and  echinoderms  j  a  finer  rock  is  principally 
made  up  of  an  Astrocsenia^  allied  to  A.  decaphylla. 

From  about  the  middle  of  the  series,  above  Mahideo,  in  a  stream  under 
Laisophlang,  in  a  soft,  ochreous,  glauconitic  sandstone  these  fossils  were 
found  : — 


Nautilus  (?  *V.  elegans). 
Nautilus^  with  a  central  siphon  ; 
fragments. 
U.T.  A.  Ammonites planulatus. 
U.  »>         dispar. 

U.  »         orhignyanus. 

A.  „     ?  pacificus, 

U.  Anisoceras  indicum* 

U .  f »  suhcompressumm 

U.        A.  B acuities,  near  B-  vagina, 
T.  A.  Alaria  paptlionacea* 
T.  A.  Rostellaria  palliata, 
T.         Gosavia  itidica, 
T.  A.  Cerithium  inauguratum* 
T.         Tritonidea  requieniana, 
T.        Hemifusus  cinctus. 


Phasianella, 
Turritella, 
Euspira, 
Dentalium. 

Janira^  near  y.  fleuriausiana. 
Exogyra  maiheroniana, 
Spondylus  striatus. 
Modiola  typica, 
T.  Cardita  jaquinoti  {orbicularis) . 
Cardium* 

Terebratula,  near  T,  carnea. 
Turbinolia, 
Hemiaster, 
Holoster 
Brissus. 


The   facies  of    this  group  rather  resembles  that  of  the  Utatur  bed: 
Southern  India. 

»  Memoirs,  X,  61,  (1873).  1  the  lists  the  letters  U,T,  A  prefixed  signify 

'  Infra,  p.  295.  the  species  is  found  in  the  Utatur,  Trichina 

•Stoliczka,  Memoirs,  VII,  181,  (1869)  ;  in  '  and  Ariyaltir  groups  respectively. 
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From  the  well  known  fossil  locality  about  two  miles  from  Tharia,  on  the 
fourth  crosscut    taken    by   the   footpath  between  the  zigzags  of  the  road 
to     CTherra   Punji,  or  the  first  below  the  Devil's  Bridge,  the  following  were 
na.m€d  : — 


U 


LT. 


A.  Xautiltts  IcBvigafus 
A.  B acuities  vagina. 

A    Cyprcea  globulina. 
,9     pilulosa. 
.  A.  Rostcllaria  pallia ta. 
.  A.  Alar i a  tegulata* 
„        glandina, 

A.  Lyria  crassicostata, 

A,  Volrttilithes  septemcostata 
Triionidea  requieni-ana* 
»       Lathirus  reu^sii, 

A.  Pseudoliva  stibcostata. 

A.  Turritella  pondicherriensis. 
•  A.        „  multtstriata. 

A.?  Mitreola  citharina. 

A.  Euspira  lirata. 


r.  A.  Gyrodes  pansus. 
A.  Gibbula  granulosa, 
A.  Nerita  divaricata. 
A.  Euptycha  larvaia. 
A.  Actaon  curculio. 

Pecten  septempl{catt4S. 
^anira  quadricostata, 
A.  Gryphcea  vesicularis. 
Spondylus  striaius. 
Pecten^  near  P.  rugosus. 
Inoceramus 
T.        Rhynconella  compressa, 

Terebratula,  sp.,  probably  7\  bipli' 
cata  and  T.  carnea, 

Ananchytes  '\     several  species,  but 
(distinct  from  any  de- 
Brissus         )  scribed. 


S 
c 

I 

a>l:>| 


Nearly  all  the  fossils  of    this  list  occur  also  in  the  Ariyalur  group  of 
€hern  India,  but  there  are   a   number   of    species    in    the   Tharia   beds 
h  appear  to  be  peculiar,  and  most  of  them  new.     It  may  be  worth  re- 
ling  that  the  observer  who  collected  these  fossils  considered  the   latter 
lity  to   be  lower  in  the  series  than  the  former,  which  would  be  remark- 
,  if  true,  seeing  that  the  Ariyalur  group  is  newer  than  the  Utatur. 


Before  quitting  the  subject  of  the  Trichinopoli  and  Assam   cretaceous 

s,  it  is  necessary  to  notice  the  very  remarkable  resemblance    between 

^    ortion  of  their  fauna  and  the  species  found    in   certain  strata  in   South 

*  ■~ira.^     In  the  description  of  the  GondwcJna  system,  and  again  in  the   ac- 

^-*  lit  of  the  upper  Jurassic  beds  of  Cutch,  the  remarkable  affinities  between 

^ian  fossil  plants  and  animals  and  the  forms  found  in  South  African  beds 

-•"«  repeatedly  noticed,  and   there   is  a  similar  connection  between  the 

^t^aceous  formations  in  the  two  regions.     In  some  deposits  found  resting 

^^11  the  Karoo  beds  on  the  coast  of  Natal,  22  out  of  35  species  of  moUusca 

^   echinodermata  collected  and  specifically  identified,  are  identical  with 


I 


f 


^^  •'rris  found  in  the  cretaceous  beds  of  Southern  India,  the  majority  being 
'"•c^hinopoli  species.     Amongst    the    South    African    fossils   are    some  of 


commonest  and  most  characteristic  fossils  of  the  Southern  Indian  creta- 
tas  deposits,  namely  Ammonites  gardeni  (Ariyalur),  A.  kayei  (Utatur) 

C  L.  Griesbach,    Quart.  Jour,  Cfol.  Soc.y  I  described  by  Baily,    Quart,  JouTr,  Geol.  SoCt 
Vll,  60,  ^1871).     Some  of  the  fossils  were  I  XI,  454,  (1855). 
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Antsoceras  rugatum  (Utatur),  Pugnellus  uncatus  (Trichinopoli),  Fas- 
ciolaria  tigida  (Trichinopoli),  Chenivittia  utidosa  (Trichinopoli),  Eti- 
chrysalis  gigantea  (Trichinopoli  and  Ariyalur),  Solariella  radiatula  (ail 
three  groups),  Avcllona  ampla  (Trichinopoli),  Turritelln  multistriata 
(Trichinopoli  and  Ariyaliir),  Pecten  (Vo/a)  quinquecostatus  (all  three 
groups)  and  Cardium  hillanum  (Trichinopoli group).  There  is  also  some 
sli<yht  indication  of  a  representation  of  the  different  Indian  zones. 

From  the  cretaceous  rocks  of  Madagascar  six  species  of  cretaceous 
fossils  were  examined  by  Mr.  R.  B.  Newton  *  in  1889,  of  which  three,  Alec- 
try  onia  {Oslren)  ungttlatn^  A.  pectinala  and  Gryphoea  vesicularis  are  also 
lound  in  the  Ariyalur  group,  the  other  three  species  being  typical  neo- 
comian  belemnites,  from  a  different  locality  and  evidently  from  rocks  of  an 

older  date. 

The  South  African  beds  are   clearly   coast  or  shallow    w.iter  deposits 

like   those  of   India;    the  great    similarity    of    forms    certainly    suggests 

continuity  of  coast  line  between   the  two  regions,  and  thus  supports  the 

view   that  the   land  connection  between  South  Africa  and   India,  already 

shown  to  have  existed   in   both  the   lower  and  upper  Gondwina   periods. 

was  continued  into  cretaceous  timts.     It  is  very  surprising  to   compare 

the  middle   cretaceous  fauna   of  Southern    India  with  that   of  the  distant 

beds  of  Natal,  and  then  with  the  widely  differing  forms  found  in  beds  of  the 

same  age  in  central   India  and  southern  Arabia. 


The  marine  cretaceous  formations  found  in  the  western  portion  of  the 
Narbadi  valley  have  been  commonly  known  as  Wgh  beds,  from  the 
town  of  B4gh,  situated  about  90  miles  west  by  south  of  Indore  and  35 
miles  west-south-west  of  Dhdr.  The  town  is  not  on  cretaceous  rocks, 
though  they  are  well  developed  in  the  neighbourhood.  The  occurrence  of 
cretaceous  fos.sils  near  B^gh  was  discovered  by  Colonel  Keatinge  *  in  1856, 
but  the  existence  of  fossiliferous  limestone  in  this  part  of  the  Narbadi 
valley  had  been  known  for  a  long  time,  although  the  exact  locality  had 
not  been  ascertained.  The  circumstance  that  blocks  of  limestone,  con- 
taining fragments  of  Bryozoa  and  ether  fossils,  had  been  employed  in 
building  the  houses  of  Mdndogarh,  a  city  now  in  ruins  about  twenty  miles 
south  of  Dhar,  first  attracted  attention,  and  it  was  mainly  owing  to  an 
ingenious  and  happy  suggestion  by  Dr.  Carter  ^  that  attention  was  attract- 
ed to  the  neighbourhood  of  Bdgh,  where  limestone  had  been  observed  in 
1818  by  Captain  Dangerfield. 

»  Quart,  Jour.  Geol.  Soc,  XLV,  33 ^  (i^Sg).        »  Jour.  Bom.  Br.  Boy.  As.  Soc,  V,  238,  (1857). 
*  Jour.  At,  Soc.  Bevg.,  XXVII,  116,  (1858).       Geological  papers  on  Western  India,  p.  685. 
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The  cretaceous  rocks  of  the  lower  Narbada  valley^  occur  chiefly  along 
the  edge  of  the  Deccan  traps,  and  intervene  between  the  latter  and  the 
m e  1:^1. m Orphic  rocks.  West  of  Bagli  the  outcrop  of  the  cretaceous  beds 
may  be  traced  with  a  few  interruptions  to  the  neighbourhood  of  Baroda. 
East  of  Bigh  they  only  occur  in  places  around  the  inliers  of  older  rocks. 

-As  a  general  rule,  the  Bcigh  beds  are  composed  of   a    calcareous    rock 
Above  and    of   sandstone   below,  but  the  character  of    each  portion  of  the 
fori-nation    varies.     Commencing   to  the    eastward,    the    first  place   where 
marine  cretaceous   beds    are    ki  own  to  occur  is  in   the   neighbourhood  of 
B^c  Nvai^  on  the  Narbadi,   nearly  due  south  of  Indore.      Here  some  con- 
glomerates,   more  or  less   calcareous,    and   sandstones  containing  marine 
shells,  represent  the    cretaceous   formation,  and  in  one  place  are  seen  to 
l^e    distinctly    unconformable    to   an    outlier   of    Mahddeva   conglomerate 
belonging  to   the   upper    Gondwana  series.     From    the  neighbourhood  of 
Birwai  the  whole  Narbadd  valley  is  composed  of  trap  for  nearly  50  miles 
^^     the    westward.       Lower    rocks   re-appear    near    Mindogarh,  between 
^'^bich  place  and  B4gh  the  cretaceous  beds  are    found,    fo»'ming  a    narrow 
i^ringe  to  the  traps,  around    several    inliers   of    Bijiwar    and    metamorphic 
rock 

The  Bdgh  fossiliferous  beds  are  divided  into  three  zones,  all  calcareous 
'Jriderlaid  by  a  variable  thickness  of  conglomeratic  and  sandy  beds.      The 
'^ossiliferous  zones  are  known  as  (1)  the  nodular  limestone,    (2)  the   Deloa 
^^d    ChirdkhcLn  marl,  (3)  the  coralline  limestone. 

The  nodular  limestone  group  is  the  most  extensive  of  the  three,  being 
^ound  in  all  the  exposures,  but  at  the  eastern  and  westernmost  outcrops 
^-'^^  peculiar  nodular  character  is  wanting.  It  is  an  argillaceous,  whitish, 
^^rnpact  and  generally  nodular  limestone. 

The  Deola  and  Chircikhiin  marl  is  a  soft  band,  never  more  than  10  feet 
tlii^j^^  which  is  chiefly  interesting  as  having  yielded  the  majority  of  the 
^^ssils.  The  coralline  limestone  is  the  rock  of  which  Mindogarh  is  built 
^^  is  yellow  or  red  in  colour,  and  consists  chiefly  of  small  fragments  of 
^ ^j'ozoa  shells,  etc.  The  freshly  broken  surface  has  a  somewhat  granular 
'bottled  appearance,  and  the  fossils  are  not  conspicuous,  except  on  the 
^"^^ ^a.thered  surface. 

The  two  upper  groups  do  not  extend  so  far  westwards  as  the  lowest, 
^^e  most  western  known  exposure  of  the  coralline  limestone  being  at  Umrdli, 
^ear  Ali. 

The  total  thickness  of  these  groups  united  does  not  exceed  60  or  70  feet 
^^  its  maximum,  and  they  thin  out  to  the  northwards,  attaining  their  great- 
^^t   thickness  along  the  southern  limit  of  the  exposures. 

The  fossil  fauna  obtained  from  these  beds  is  an  interesting  one,  though 

The   description  of  these  rocks    is    based  1   163,    (1869),  and  P.  N.  Bose,    Memoirs^  XXI| 
P«"incipallyon  W.   T.  Bianford,    Memoirs,  VI,  I  35,  (1884). 
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amounting  to    only  forty  forms  in  all.    Of  these  the  late  Prof.   Di 
determined  the  following  :^ — 


Lambllibranchiata — 
Neithea  alba^ 

Pecten  quadricoslatus 

Brachiopoda — 

Rhynconella  depressa 
Brvozoa  — 

Escharina,  sp. 

Eschara^  sp. 
ECHINODBRMATA — 

Cidaris  namadicus 

Salenia  traasii 

Cyphosoma  cenomanensis 

Orthopsis  indicus    . 

Eehinobrissus  goybeti 

Nuclcolites  similis 

Hemiaster  cenomanensis 

H.  similis 
Vbkmbs — 

Vincularia,  sp. 

Serpula  plexus 
CORALLIA  - 

Thamnastraa  decipiens 


Nodular 
lime- 
stone. 


•  I 


Deo  la 

marl. 


¥: 

¥: 
¥: 

¥: 
¥: 
¥: 


^oral- 
line 
Hme- 
•tone. 


•  •  • 


P.  quinquecostata   in  Europe 
to    lower  chalk);     Africa,    \ 
Trichinopuli  and  Arialur. 


hurope  (lower  greensand). 


Lebanon. 

Europe  (cenomanian). 

Lebanon. 

Europe  (chloiitic  marl). 
Lebanon,  Europe  (cenomanian] 
Europe  (cenomanian). 


Europe  (neocomian  to  gosau). 


To  which  Mr.  Bose'  has  added  the  following : — 


Cephalopoda — 

A mmonites  g uadeloupi 
Gastbkopoda — 

Fulguraria  elongata 

Lyria  granulosa 
Fasciolaria  rigida  . 
Triton f  sp.     . 
Natica,  sp.     . 
Cerithium,  sp.         • 
Twritella,  sp. 
Lamellibranchiata — 
Ostrea  ley  met  ii 
0.  arcotensis 

0.  sp.    • 

Radula  obliquistriata 
Plicatula  multicostata 
Modiola  archiaci 
Inoceramus  concentricus 

1.  coquandianus 
7.  multiplicatus 


¥: 

if 

¥: 

^ 

¥: 

fl  •  • 

¥: 

¥: 

¥: 

^ 

¥: 

^ 

¥: 

¥: 

^ 

¥: 

¥: 


•  •  • 

¥: 
¥: 


•  •  • 


¥: 


¥: 


Europe,  Trichinopoli. 

Europe    (cemonanian  and  sen< 

Trichinopoli. 
Africa  ;  Utalur  and  Trichinop< 
Trichinopoli. 


Ariyalur,  Europe  (neocomian). 


Ariyalur. 
Trichinopoli. 
Europe  (neocomian). 
Europe  (gault). 
Europe,  (gault). 
Trichinopoli. 


*  Quart,  Jour,  Geol,  Soc,  XXI,  349,  (1865) ;  I  tinct  from  each  other  and  from  P.  ( Vola)  q 


Records,  XX,  81,  (1887). 

'  This  and  the  following  species  were  regarded 
by  the  late  Dr.  F.  Stolicxka  as  but  doubtfully  dis- 


costata. 

•  Memoirs,  XXI,  37,  40,  43,  (1884). 
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Nodular 

Hcola 

Coral- 
line 

lime- 
stone. 

marl. 

lime- 
stone. 

InoceramuSt  sp.       . 

¥: 

•  ■  • 

Pinna  laticostata  .... 

■  •  • 

¥: 

Ariyalur,  Europe  (neocomian). 

Area  securis             .... 

^ 

•  •  • 

Cirdium  altum       .... 

¥: 

¥: 

Utatur. 

C.  hillanum   ..... 

•  •  • 

^ 

Trichinopoli. 

VenuSy  sp.      .          .          .          . 

¥: 

^ 

Panopaea  arcuuta    .... 

¥: 

•  •  • 

Europe  (neocomian). 

Brachiopoda — 

Rhynconella  plicatiloides 

•  •  • 

¥: 

¥: 

Trichinopoli,  Aryalur. 

/r.|  sp.  ....•• 

•  •  ■ 

¥: 

^ 

POLYZOA  — 

1 

Ceriopora  dispar     .... 

1     ^ 

1 

¥: 

Ariyalur. 

In  the  most  recently  published    account   of  these  beds  an   attempt  has 
been  made/  to  correlate  the  three  zones  with  the   three  great  groups  of 
Southern  India  and  to  the   European   groups  ranging   from   albian  (gault) 
to  senonian  (chalk).     To   say   nothing  of  the  iniprobability  of  the  greater 
portion  of  the  cretaceous  period    being  represented    by  tome    50    feet   of 
£ossiliferous  beds,  there  is  no  palaeontological  evidence   in  favour  of  the 
supposition.     Seven  at  least  of  the  species  of  the  lowest  bed  range  into 
the   Deola  and    Chircikh^n  marl,  and    the   same    number   of   species    are 
found  common  to  this  and  the  coralline  limestone.     Three   species  [Cerio- 
J>ora  dispar^  Hemiasler  cenomanensis^  and  H,  similis)  range  through  all 
three  beds.     Considering  the  limited  number  of  species  found  in  the  upper 
snd  lowermost  beds  the   palaeontological   resemblances  are  greater  than 
"would  be  consistent  with  a  range  of   time  from  cenomanian  to   senonian. 
I^or  do  the  palaeontological  relations  of  the  fauna  to  those  of  other  parts 
of  the  world  bear  out  the  supposition.     None   of  those  forms  which  have 
leen  determined  by  the  late  Professor  Duncan  are  found  in  Europe  in  beds 
of  other  than  cenomanian  or  turonian  age,  and  of  the  forms   identified  by 
Mr.  Bose  with  European  species  of  albian  and  cenomanian  age,  an  identifi- 
cation confessedly  rough,  at  least  half  are  forms  whose  specific  identity  or 
the  reverse  is  difficult  for  any  one  but  a  practised  palaeontologist  to  deter- 
mine.    Omitting  those  species  whose  specific  identity  is  open  to  doubt  and 
Confining  ourselves  to  those  forms  which  have  been  determined  by  Profes- 
sor Duncan,  all  those  which  are  found  in  Europe  occur  there  in  beds  of 
Cenomanian  (upper   green   sand)  age  and    most  are   characteristic  of   it. 
Consequently   the   cretaceous   rocks  of  the   Narbadd  valley   must    closely 
Correspond  to  the  Utatur  group  of  Southern  India. 


In  contrast  to  the  relation  between  the   cretaceous  faunas  of  South 
•Africa  and  Southern  India  may  be   noticed  the   divergence  between  the 

»  Memoirs,  XXI,  48,  (1884). 
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latter  and  that  of  the  Narbadi  valley.  Amcng  the  fossils  identified  by  Pro- 
fessor Dunc.m,  Neithei  nlpina  and  Pecten  quadricostatus^  were  regarded 
by  Dr  StoHczka  as  doubtfully  distinct  from  P.  quinquecostatus  found  in  the 
Utatur  group,  but  with  this  exception  no  other  species  is  found  in  the  creta- 
ceous  of  Southern  India,  and  even  in  this  case  the  identification  is  one  on 
which  palaeontologists  are  not  thoroughly  agreed.  Thamnastrea  decipi- 
ens  is  replaced  by  a  closely  allied  form  T,  hieroglyphica^  and  the  two  He^ 
miasters  by  remotely  allied  forms.  The  more  recent  additions  to  the 
fauna  made  by  Mr  Bosi*  have  yielded  thirteen  species  apparently  identical 
with  Southern  Indian  forms,  but  it  is  probable  that  this  number  will  be 
reduced  when  the  fossils  come  to  be  more  critically  examined,  and  five  of 
the  thirteen  are  wide  ranging  species  found  also  in  Europe  or  South  Africa. 
Even  accepting  the  identifications,  this  number  out  of  a  total  of  forty 
distinct  forms  is  a  much  smaller  proportion  than  obtains  in  the  case  of  the 
south  African  and  Prichinopoli  cretaceous  beds, 

Anothijr  contrast  between  the  Madras  and  Narbadd  valley  cretaceous 
beds  is  the  very  small  proportion  of  European  forms  found  in  the  former 
and  the  large  proportion  in  the  latter.  Of  the  eight  species  of  Echitio- 
dermata  four  are  also  found  in  Europe  and  two  more  in  the  Lebanon  and 
of  other  orders  Neilhea  alpina,  Pecten  quadricostatus  and  Ihamnastraea 
decipiens  are  found  in  Europe.  To  these  Mr.  Bose  has  added  eight  species 
also  found  in  Europe,  In  the  intervening  area,  two  small  exposures  of 
cretaceous  rocks  are  known  at  Ras  Fartak  and  Ras  Gharwen  on  the 
south-east  coast  of  Arabia,  from  which  small  collections,  comprising  but 
thirteen  species  have  been  examined. ^  Yet,  three  of  these  are  also  found 
in  the  High  beds,  and  no  less  than  ten  in  Europe.  It  is  evident  from  this 
that  there  must  have  been  tolerably  free  communication  between  the  seas 
in  which  these  different  exposures  were  deposited,  and  that  they  belong 
to  one  of  the  great  murine  provinces  of  the  cretaceous  epoch. 

With  the  South  African  cretaceous  fauna  the  relationship  of  the  Bigh 
fauna  is  of  the  slightest,  only  two  species,  Pecten  quinquecostatus  and 
Lyria  granulosa,  being  common  to  the  two  regions.  Of  these  the  former 
is  a  species  of  almost  world-wide  range,  and  the  latter  is  also  found  in  the 
cretaceous  of  Southern  India. 

The  contrast  between  the  faunas  of  Narbadi  and  South  Indian  creta- 
ceous is  consequently  as  strongly  marked  as  the  relationships  of  the  foiintr 
to  the  European  fauna  and  of  the  latter  to  that  South  Africa.  Yet  the  dis- 
tance which  separates  the  two  Indian  exposures  is  but  750  miles,  only  half 
the  distance  which  separates  the  lower  Naibadi  exposure  from  Arabian 
localities,  and  a  much  smaller  fraction  of  the  distance  to  the  European 
localities  or  between  Trichinopoli  and  South  Africa. 


*  P.  M.  Duncan,  Quart.  Jour.  Geol.  Soc, 
XXI,  349,  (1865).  The  Arabian  localities  were 
originally  described,  and  the  fossils  collected, 


by  Dr.  Carter,  ^our.,  Bombay  Br,  Roy.  As.  Soc^ 
IV,    71,   (1853),   and   "Geological    Papers  o« 
Western  India,"  p.  603.  (1857  • 
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These  apparently  anomalous  relationships  and  divergences  between  the 
cretaceous  faunas  are  easily  explicable  by,  and  are  indeed  proof  positive  of, 
the  supposition  that  dry  land  stretched  continuously  from  India  to  Africa 
during  the  cretaceous  period  and  formed  a  barrier  between  two  distinct 
ma.rine  provinces. 


Besides  the  fossiliferous  beds  of  the  lower  Narbida  valley  already  noticed, 
a  lo'wer  division  has  been  described  undi^r  the  name  of  the  Nimir  sand- 
stone,^ whose  age  is  open  to  doubt.  The  frequent  presence  of  a  band  of 
conglomerates  and  sandstones  underlying  the  nodular  limestone  has  already 
been  noticed.  In  fact,  it  is  only  at  or  near  Kavhaoda,  in  the  Man  valley,  that 
its  absence  is  recorded  As  a  rule,  the  thickness  is  small  in  the  eastern 
exposures,  buithey  begin  to  thicken  rapidly  south-westwards  of  Bigh, 

In  the  Hatni  valley  they  have  a  thickness  of  nearly  200  feet ;  near  the 
deserted  city  of  AH  they  are  500  feet  thick,  and  in  the  inlier  south  of 
K^iAvant  they  amount  to  over  700  feet.  With  all  its  variation  in  thickness 
this  sandstone  preserves  the  same  general  type,  of  conglomeratic  beds  and 
conglomerates  at  the  base,  overlaid  by  fine  grained  sandstones  and  shaly 
beds. 

Tl^he  age  of  this  sandstone  is  doubtful.  It  has  been  regarded  as  lower 
creta^ceous,  and  in  favour  of  this  supposition  there  is  the  absence  of  any 
^^served  unconformity  between  it  and  the  beds  it  underlies.  Mr.  Bose 
^^^^sed  it  as  neoconiian  on  the  strength  of  an  oyster  bed,  composed  of  a 
speoies  which  was  identified  with  the  European  0,leymetir\  but  even  if  the 
idei^-tification  were  correct  the  evidence  is  not  sufficient  to  establish  the  age 
^*  tlie  bed,  and  there  is  some  doubt  whether  the  oyster  band  is  really 
^^'^  formable  to  the  underl)^ing  sandstone  or  not.* 

The  sandstone  contains  no  recognisable  fossils,  the  uppermost  beds 
^*^^^vv  crustacean  and  annelid  tracks  on  their  surface  ;  some  indeterminable 
""^Stnents  of  bone  were  found  and  fragments  of  carbonised  driftwood  are 
^^^^  to  occur.  In  this,  as  well  as  in  lithological  facics,  the  Nimdr  sand- 
^^^^^e  agrees  with  the  Mah^devas  of  the  Dhir  forest  area.  In  K^thidwir 
tii^r^  is  the  same  absence  of  beds  intervening  between  the  upper  Gond- 
^^'^^«is  and  the  cretaceous  as  would  be  implied  by  a  Mahddeva  age  for  the 
^  ^^'^'cir  sandstones,  but  the  absence  of  any  observed  unconformity,  the 
^^ristancy  of  the  nodular  limestone  beds,  and  the  fact  that  the  thickening 
^lie  sandstones  is  in  the  same  direction  as  that  of  the  upper  beds  lend 
^'^'^e  support  to  the  supposition  that  they  are  cretaceous.     In  the  absence 

^lore  conclusive  evidence  their  true  age  must  remain  a  matter  of  doubt. 

In  Kithi^war   a  series  of  sandstone  beds  known  as  the  Wadhwin  sand- 

^  Memoirs,  XXI,  23.  (1884).  |     «  Mi  woirs,  XXI,  preface  to  pt.  ii,  p.  vii,  (1884.) 
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stones  are  found  between  the  Uinia  group  and  the  overlying  Deccan 
traps.^  They  are  composed  of  brick  red  or  dull  reddish  brown  sandstone 
with  some  argillaceous  beds,  at  the  top  of  which  are  in  places  cherty  beds  or 
thin  bands  of  limestone,  recalling  the  rocks  of  Rdgh.  in  the  neighbourhood 
of  Wadhwin,  there  is  a  thin  band  of  drab  coloured,  tough,  sometimes  gritty 
or  chalcedonic  limestone,  containing  marine  fossils,  chiefly  Bryozoa,  a 
few  small  corals  and  a  portion  of  a  flattened,  keeled  ammonite,  resembling 
the  cretaceous  A.  guadaloupae^  in  a  matted  mass  of  broken  indetermin- 
able shells.  In  other  localities  Ostrea  and  Naiica  were  found,  but  no  fossils 
sufficiently  well  preserved  to  determine  the  precise  age  of  the  beds.  The 
general  facies  of  the  fossils,  as  well  as  the  lithological  character  of  the  rock 
they  are  preserved  in,  suggest  the  correlation  cf  these  beds  with  the  creta- 
ceous of  B4gh,  and  their  direct  superposition  on  the  Wadhwdn  sandstones 
corresponds  to  the  relation  between  the  Bigh  beds  and  the  Nimir  sand- 
stones whose  probably  upper  Gondwina  age  has  already  been  indicated. 
The  relation  of  the  Wadhwdn  sandstones  to  the  overlying  trap  appears  to 
be  very  similar  to  that  of  the  Bigh  cretaceous,  there  being  a  distinct  erosion 
unconformity. 

»  F.  Fedden,  Memoirs^  XXI,  87,  (1884). 


CHAPTER  XI. 

Deccan   Trap. 

Kxtent— Nomenclature— Petrology— Igneous  formations— Sedimentary  beds — Lametd group — 
Infra  and  inter-trappeans  of  Rajamahendri  — Inter-trappeans  of  the  main  area— Subaerial 
origin  of  the  traps  — Foci  of  eruption — Age  of  the  Deccan  trap— Probable  conditions 
during  their  formation. 

In  the  last  chapter  the  cretaceous  rocks  of  the  Peninsula  were  described, 
and  the  present  should,  in  the  ordinary  course,  be  devoted  to  the  rocks  of 
the  same  age  in  the  extra-peninsular  area.  There  are,  however,  two  very 
good  reasons  for  departing  from  this  course,  the  first  being  the  intimate 
relation  which  subsists  between  the  cretaceous  and  tertiary  rocks  of  a 
large  portion  of  extra  peninsular  India,  necessitating  their  being  dealt 
with  together  ;  the  other  is  the  presence,  immediately  above  the  creta- 
ceous beds  in  the  Peninsula,  of  a  series  of  volcanic  rocks,  forming  one  of  the 
most  prominent  and  widely  spread  of  all  the  rock  systems  found  in  the  Pen- 
insula. 

In  superficial  area  the   Deccan  traps  are   only  exceeded,  within  the 
limits  of  peninsular   India  south   of  the  Indo-Gangetic  plain,  by  the  meta- 
morphic  series  and,  although  the  traps  are  far  inferior  in   thickness  to  the 
Vindhyan  and  Gondwina  formation?.,  their  remarkable  horizontality,  through- 
out a  great  part  of  the  region   covered   by  them,  enables  them  to  conceal 
all   older  rocks.     Some  faint  idea  of  the  extensive  area  occupied  by  this 
formation  may  be  gained  from  the  fact  that  the   railway   from  Bombay  to 
Nigpur,  519  miles   long,   never  leaves  the  volcanic  rocks  until  it  is  close 
to  the  N^gpur  station,   and   that  the  traps  extend   without  a  break  from 
the   sea  coast  at  Bombay  to  Amarkantak  at  the  head  of  the  Narbadi,  and 
from  near  Belgium  to  north  of  Goona      Even  this  extent,  great  as  it  is,  by 
no  mean    represents  the  whole  area  originally  occupied  by  the  formation  ; 
for  outliers  arc  found  east  of  Amarkantak  as  far  as  Jamird   Pit  in  Sarguja, 
to   the    south-east   a  small  outcrop  occurs  close  to  Rijimahendri,  whilst  to 
the  westward  the  series  is  well  developed  in  Kithiawar  and  Cutch,  and   is 
even  believed  to  be  represented,  though  only  by  two  very  thin  bands  west 
of  Kotri.  in   Sind.     We  have,  therefore,  proof  of  the  existence  of  this  vol- 
canic formation  throughout  nearly  ten  degrees  of  latitude  and   sixteen  of 
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longitude,  whilst  the  area  covered  in  the  Peninsula  of  India  can  be  little 
less  than  200,000  square  miles.  It  is  probable  that  the  limits  mentioned 
very  nearly  correspond  to  the  original  boundaries  of  the  volcanic  rocks, 
because  the  high  level  laterite,  which  rests  conformably  upon  the  upper- 
most traps  of  the  Deccan,  is  found  to  the  southward,  eastward  and  north- 
ward,  resting  on  rocks  older  than  the  volcanic  series,  and  if,  as  will  be 
shown  to  be  probable  in  a  later  chapter,  this  laterite  was  formed  at  a  date 
shortly  subsequent  to  the  cessation  of  the  igneous  outbursts,  it  may  be 
inferred  that  the  lava  flows  never  extended  to  the  localities  (such  as 
Gwalior,  Rewi,  etc.)  in  which  the  laterite  is  found  resting  immediately 
upon  Vindhyan.  transition,  or  metamorphic  rocks. 

In  adopting  the  name  of  Deccan'  trap  for  this  great  volcanic  forma- 
tion, the  Geological  Survey  has  been  guided  partly  by  old  usage,  partly 
by  the  circumstance  that  the  term  '  trap '  was  originally  applied  to  similar 
horizontally  stratified  lava  flows.  Some  geologists  have  condemned  the 
term  on  account  of  the  loose  manner  in  which  it  has  been  used  for  a  great 
variety  of  igneous  rocks,  but  it  is  difTiciiit  to  replace  it,  and  in  the  present 
case,  at  all  events,  it  is  employed  in  a  well  defined  sense. 

In  consequence  of  its  geological  structure,  the  volcanic  region  of  cen- 
tral and  western  India  is  distinguished  by  marked  peculiarities  of  scenery, 
and  the  characters  of  the  surface  are  widely  different  from  those  found  in 
other  parts  of  the  Indian  Peninsula.     Great  undulating  plains,  divided  from 


Fig.  15.— Hill  composed  oE  Deccan  trap,  near  Harangaon,  north  o'-  NimSwar,  Narbada  valley. 

each  other  by  flat  topped  ranges  of  hills,  occupy  the  greater  portion  01  the 
country    and   the    hillsides   are    marked   by    conspicuous   terraces,   often 

'It   11   scarcely    necessary  to  state  that  the  I  Indian  Peninsula  wliich  is  south  of  the  Vin- 
Deccan  (Oakshin)  comprises  that  pad   of   the  {  dhyan  range. 
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traceable  for  great  distances,  and  due  to  the  outcrop  of  the  harder  basaltic 
strata,  or  of  those  beds  which  resist  best  the  disintegrating  influences  of 
exposure,  in  some  parts  of  the  area  great  scarps  are  found,  some  of  those 
in  the  Sahy^dri  range  being  4,000  feet  in  height,  all  conspicuously  banded 
with  horizontal  terraces. 

The   vegetation   of  the   trap  area  differs  no  less  conspicuously  from 
that   which    is    found    on    other   formations,    the   distinction     in    the    dry 
season  being  so  marked   that,    especially   when   taken  in  connection  with 
the   form   of   the   surface,    it  enables    hills  and   ranges   of  trap  to  be  dis- 
tinguished   at   a   distance    from    those    composed    of   other    rocks.     The 
peculiarity  consists   in  the   prevalence  of  long  grass  and  the  paucity  of 
large  trees,*   and  in  the  circumstance  that  almost  all  bushes  and  trees, 
except  in  the  damp  districts  near  the  sea,  are  deciduous.     The  result  is 
that  the  whole  country  presents,  except  where  it  is  cultivated,  a  uniform 
straw  coloured  surface,  with  but  few  spots  of  green  to  break  the  monotony 
during  the   cold  season,   from  November   tiil   March,  whilst  from  March, 
when   the  grass  is  burnt,   until  the  commencement  of  the  rains  in  June, 
the  black  soil,  black  rocks,  and  blackened  tree  stems  present  a  most  re- 
markable aspect  of  desolation.     During  the   rainy   season,   however,  the 
country  is  covered  with  verdure,  and   in   many  parts  it  is  very  beautiful, 
the  contrast  afforded   by  the  black  rocks  only  serving  to  bring  into  relief 
the  bright  green  tints  of  the  foliage. 

Throughout  the  trap  area  the  prevailing  rock  is  some  form  of  dolerite 
or   basalt,    but   there  is  a    large    amount    of   variety    in    the   characters 
presented  by  different  beds.     Some  are  excessively  compact,  hard,  and 
liomogeneous,    the  crystalline  structure  being  so    minute    as    to   be    de- 
tected   with    difficulty    (ananiesite),   others   are    coarsely  crystalline,  and 
these  frequently  contain  olivine  in  considerable  quantities,  and  one  variety 
is  porphyritic,  containing  large   tabular   crystals   of  glassy   felspar,   white 
or  green   in    colour.      Many  of  the  basalts  again  are  soft  and  earthy,  evi- 
dently in    most  cases,  and    probably    in  all,   from   partial   decomposition. 
The   most  striking  peculiarity   is,  perhaps,  the  great  prevalence  of  amyg. 
daloid,  in  which  the  nodules,  chiefly  containing  zeolite  or  agate,  sometimes 
form  the  principal  part  of  the  rock.     These  nodules  are  very  often  coated 
with  glauconite  (green  earth),  and  the  prevalence  of  this  mineral  is  highly 
characteristic.     Almost  throughout  their  range,  the  Deccan  traps  may  be 
recognised  by  the  occurrence  of  the  amygdaloidal  basalts  with  green  earth, 
or  of  the  porphyry  with  crystals  of  glassy  felspar. 

'  The  want  of  large  trees  is  partly  due  to  [  for  temporary  cultivation  of  a  rude  kind,  and 
the  wanton  destruction  to  which  the  forests  of  perhaps  more  than  all,  lo  the  practice  of 
India  have  been  exposed  for  ages  through  •  annually  burning  the  grass  at  the  commence* 
reckless    cutting,   to  equally  reckless  clearing  |  ment  of  the  hot  season. 
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Exfoliating  concretionary  structure  is  common  in  the  softer  forms  of 
basalt,  which  have  undergone  some  amount  of  deconipositioit,  but  it  is 
never  seen  in  the  hard  compact  beds.  Frequently  the  hard  unaltered 
spheroidal  cores  of  concentric  nodules,  which  may  easily  be  mistaken  for 
rolled  fragments,  are  to  be  found  snaltered  over  the  surface  of  the  bed, 
from  which  they  have  weathered  out.  Columnar  structure  is  less  com- 
mon, though  it  is  occasionally  seen,  a  line  example  being  shown  in  the 
following  woodcut.     In  some  cases  this  structure  has  been   observed  in 


of  Mahfswar,  NarbaU 


the  compact  basaltic  flows ;  it  is  frequently  seen  in  the  lowest  flow,  a  very — 
thick  one,  west  of  Hoshangibid,  in  the  Narbadi  valley,  and  in  one   of  thf 
lower   flows   in    Milwi,  but  the  appearancre  is  often  confined  to  intrusive 
dykes,  as  in  the  example  illustrated.    Trachytic  rocks   are  extremely  rare, 
and  have  hitherto  only  been  found  in  intrusive  masses. 

Beds  of  volcanic  ash  are  common,  so  common  indeed  in  places  as  to 
form  a  very  considerable  proportion  of  the  strata, -and  they  appear  to  be 
much  more  prevalent  towards  the  upper  part  of  the  series.*  They  often 
differ  but  little  in  appearance  from  the  basaltic  lavas  with  which  they  are 
interstratified,  but,  on  close  examination,  their  brecciated  structure  can 
always   be   readily   detected,  and  the  blocks  of  scoriae  which  they  contain 

'  Possibly  due  to  the  upper  part  of  (he  series  [  lower 
being  chiefly  preserved  near  Ihe  old  volcanic  where 
foci.     A>hes  are  found  inters!  rati  lied  with  the   |  occur. 
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generally  weather  out  on  exposed  surfaces  and  remain  in  relief,  precisely 

.SIS  on  old   volcanic  cones.     Magnificent  examples  are  to  be  seen  on  most 

of    the   higher  portions  of   the   Sahy^dri  or  Western  Ghits  and  on  the 

■iigh    peaks    around    Poona,    formerly    used  as  hill  forts ;    well  marked 

instances  occur  also  in  Bombay  and  Salsette.*     Very  frequently  a  thin  bed 

^z)f  ash    intervenes  between  two  basaltic  flows.      Occasionally  pumice  is 

Cound  in  the  ash  beds,  the  interstices  being,  however,  all  filled  up  by  the 

^ame  process  as  that  by  which  vesicular  lava  has  been  converted  into 

•amygdaloid.     Here  and  there,   throughout  the   traps,   beds   of   red    bole 

^occur  ;   they  are  usually  only  a  foot  or  two  thick,  but  occasionally  more. 

ometimes  the  bole  contains  scoriae,  and  in  this  case  it  frequently  covers 

he  upper  surface  of  a  basaltic  flow,  into  which  it  appears  to  pass.     In 

lome  instances  the  bole  is  so  uniformly  stratified  that  it  has  the  appearance 

f  having  been  deposited  from  water.* 

In  a  few  instances  bands  of  very  homogeneous  structure  and  of  a  pale 
ilac  colour,   formed  of  an  apparently  argillaceous   rock  resembling  bole 
n  texture  and  so  perfectly  laminated  as  to  exactly  simulate  shale,  have 
een  found   inters trati Red   with  the  basalts.     This  is  especially  the  case 
-at  a  large  hill  called  Pdwagarh,  2  000  feet  high,  near  Baroda,   and  similar 
\>eds  are  said  to  occur  in  Kdthiiwir ;  they  have  also  been  noticed  east  of 
2urat.     The  occasional  occurrence  of  glassy  felspar  crystals  in  these  beds 
^nd  the  circumstance  tliat  some  of  the  hurder  basalts  at  times  weather  on 
^heir   exposed    edges  into  a  somewhat  similar  soft  lilac  rock,  render  it 
possible   that   these  shaly  strata  result  from  the  alteration  of  trap.     At 
the  same  time  it  is  far  from  improbable  that  some  of  them  may  be  con- 
solidated volcanic  mud,  composed  of  fine  lapilli  washed  down  and  deposited 
ly  water. 

No  crystallised  pyroxene  has  been  observed,  except  locally  in  some 
^f  the  ash  beds,  and  the  only  felspar  which  occurs  in  distinct  crystals 
appears  to  be  the  form  of  orthocIa.<e  (gassy  felspar)  which  is  found  in 
the  porphyritic  rock  already  mentioned.  Olivine  and  magnetite  are  com- 
mon, th**  former  occurring  as  translucent  yellowish  grains,  the  latter  in 
minute  cirystals,  too  small,  as  a  rule,  to  be  recognised  by  the  naked  eye 

'Sir  C.  LyeW  has- shown  that  bands  of  red 
clay  interstratified  with  the  Uvas  of  Etna 
have  been  formed  from  the   crust  of  the  lower 


I  Amongst  the  best  examples  are  the  rocks 
in  which  the  Keneri  caves  of  Salsette  are 
cut ;  some  beds  on  the  Kamatki  gh&t  between 
Poona  and  Mahibaleshwar;  and  a  conspicuous 
bed  at  tlie  lower  gateway  of  the  foi  tress  oi 
Singarh  near  Poona.  Ash-breccias  also  occur 
in  Bombay  Island  at  Flag-staff  hill  and  Rai 
hill,  Parel,  and  tn  the  neighbourhood  of  Sion 
fort.  It  must  not  be  supposed  from  these 
examples  that  the  rock  is  rare.  It  is  found 
almost  throughout  the  trap  country,  but  it  is 
much  less  common  towards^  the  base  of  the 
traps. 


lava  flow,  decomposed  into  clay  and  thrn 
baked  and  reddened  by  tlie  heat  of  the  over- 
lying flow,  or  where  "  volcanic  sand  has  been 
showered  down  from  above  and  washed  over 
the  older  lavas  by  torrents  and  floods  ;"  Phii 
Trans.t  1858,  p.  7x1.  Similar  beds  appear  to 
be  characteristic  of  subaerial  lava  flows;  fudd, 
Quart,  Jour,  Ceol,  Soc.,  XXX»  227,  (1874). 
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but  easily  detected,  if  abundant,  by  the  effect  of  the  rock  upon  the 
magnetic  needle.  Magnetic  iron  sand  derived  from  the  traps  is  fre- 
quently found  in  the  sire  ims  which  traverse  the  rocks.  With  the  tabular 
felspar  crystals  small  scales  of  red  mica  are  found. 

Secondary  minerals  of  various  kinds,  which  have  been  formed  s^nce  the 
consolidation  of  the  volcanic  strata,  are  found  in  the  greatest  abundance 
in  some  of  the  flows,  especially  in  the  amygdaloidal,  and  in  some  of  the 
more  earthy  and  decomposed  traps.  These  minerals  not  only  form  the 
nodules  of  the  amygdaloid,  but  they  are  found  lining  cracks  and  hollows, 
the  finest  crystals  being  always  in  geodcs  or  cavities,  some  of  which  are 
as  much  as  two  or  three  feet  across,  and  even  larger  hollows  lined  with 
crystals  are  said  to  have  been  found.  The  commonest  minerals  are 
quaitz  (either  crystalline  or  in  the  form  of  agate,  bloodstone,  jasper,  etc.,) 
and  stilbite,  next  in  abundance  are  apophyllite,  henlandite,  scolecite 
(poonahlite\  laumonitc  and  calcite ;  thomsonite,  epistilbite,  prehnite  and 
chabasite  also  occur,  but  they  are  rare.  The  great  prevalence  of  glauconite 
or  green  earth  has  already  been  noticed. 

The  crystalline  quartz    is  occasionally,  though  rarely,  amethystine  ;  it 
but  seldom  occurs  in  crystals  which  exceed  an  inch  in  diameter,   and  the 
larger  crystals  are  not  often  transparent.     The  form  known  as  trihedral 
quartz,  in  which  the  terminal  pyramid  of  each  quartz  crystal  consists  of 
three  planes  instead  of  six,  or  in  which  three  planes  are  very  much  more 
developed  than  the  other  three,  is  of  common  occurrence.     The  agates 
occur    chiefly   in   geodes  or  nodules,  large  and  small ;    many  are   finely 
banded,  and,  after  being  coloured   by   heating,  are  cut  into  ornaments.* 
Jasper  and   heliotrope  or  bloodstone  occur  chiefly   in  flat   plates,  which 
appear  to  h.ive  been   formed  in  cracks,  and  agate  is  sometimes  met  with 
of  apparently  similar  origin.     Stilbite  is   very    common,  though  less  so 
than   quartz  ;  one  magnificent  variety  consists  of   large  orange  or  salmon 
coloured  crystals,  often  two  or  three  inches  in  length,  usually  compound  or 
in  sheaf  like  aggregations,  but  occasionally  in  large  flat  prisms   terminated 
by  a  four  sided  pyramid.     Apophyllite  is  the  finest  of  all  the  Deccan  trap 
minerals.     It  generally  occurs  in  four  sided  prisms  uith  terminal   planes, 
a  form   which   closely  resembles  the  cubical  crystals  of  the   isometric  sys- 
tem, the  double  pyramid,  with  replacements  of  the   secondary   prismatic 
faces  and  terminal  planes,  so  ciiaracteristic  of  this  mineral  in  other  locali« 
ties,  being  chiefly  typical  of  small  crystals  in   the   Deccan   traps.     The 


*  Two  other  mineral  species  besides  poonah- 
lite  have  been  described  from  the  Deccan  traps. 
One  ot  these  is  hislopite,  Haughton,  Phtl.  Mag,^ 
4th  series,  XVII,  i6,  (1859),  which  appe;*rs 
to   be    c«lcite  coloured  by    glnuconite   (gieen 


Jout,  Sei.,  2nd  seiies,  XL  I  :o,  (1865)  is  stilbite, 
coloured  in  the  same  manner. 

'  Most  of  the  stones  cut  fcr  ornamen's  are 
either  procurt^d  from  rivers  or  from  the  ter- 
tiary gravels  derived  from   the  dcDudaiioii  of 


i-arlh)  and  the  other,  syhedritc,  She^hard,  Aw.      the  imps. 
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colour  of  the  Deccan  apophyllite  is  usually  white,  more  rarely  pink  or 
green,  some  crystals  are  perfectly  transparent,  an^  one  of  the  most  mag- 
nificent associations  of  minerals  to  be  found  anywhere  is  seen  when,  as 
occasionally  happens,  perfectly  clear  vitreous  crystals  of  apophyllite,  of 
large  size,  are  inserted  on  a  mass  of  orange  stilbite.  Some  apophyllite 
crystals  are  as  much  as  three  or  four  inches  across.  The  other  minerals 
are  less  deserving  of  notice,  but  very  beautiful  long  acicular  crystals  of 
scolecite  with  exquisitely  formed  pyramidal  terminations  are  of  occasional 
occurrence,  and  fine  crystals  of  white  heulandite  are  not  unfrequent.  The 
glauconite  is  usually  amorphous,  but  occasionally  forms  an  aggregate  of 
crystalline  scales,  and  a  massive  mineral,  which,  if  not  green  earth,  is 
closely  akin  both  in  appearance  and  composition,  occasionally  occupies 
small  cavities  completely. 

One  of  the  most  remarkable  characters  of  the  Deccan  traps  is  their 
persistent  flatness  or  near  approach  to  horizontality  throughout  the  greater 
portion  of  their  area.  This  is  conspicuous  throughout  the  Sahy^dri  range, 
over  the  whole  of  the  Bombay  Deccan,  from  Khdndesh  to  Belgaum  and 
Sholipur,  throughout  southern  Berar  and  the  north-western  portion  of 
the  Haideribid  territory,  in  many  parts  of  the  SAtpura  range  between  the 
Narhadi  and  Tipti,  and  on  the  Milwi  plateau  north  of  the  Narbadd. 
Where  exceptions  occur,  as  in  the  western  Sdtpara  and  R^jpipla  hills 
and  along  the  coa^  near  Bombay,  the  disturbance  is  shown  to  be  of  later 
date  from  its  affecting  contemporaneous  or  newer  beds  of  sedimentary 
origin.  The  only  departure  from  absolute  horizontality  to  be  seen  in  the 
lava  flows  of  the  Deccan  is  frequently  no  more  than  may  be  due  to 
the  lenticular  form  of  the  beds,  but  usually  there  is  a  very  low  dip 
discernible,  seldom  exceeding  1°,  and  fairly  constant  over  large  areas. 
This  circumstance  tends  to  show  that  even  this  small  amount  of  inclina- 
tion may  be  due  to  disturbance,  because  if  the  dips  represented  the  origi- 
nal angle  at  which  the  lava  flows  were  consolidated,  they  would  be  found 
to  radiate  from  the  original  volcanic  vents.  Nothing  of  the  kind  has, 
however,  been  traced. 

The  separate  lava  flows  are,  as  a  rule,  of  no  great  thickness.  The 
average  in  the  two  sections  of  the  Bhir  and  Thai  Ghits,  measured  on  the 
railway  lines,  is  apparently  64  and  87  feet  respectively,  but  really  less, 
because  the  distinction  between  the  flows  can  in  most  cases  only  be  re- 
cognised by  lithological  characters,  and  where,  as  must  frequently  be  the 
case,  two  or  more  beds  of  similar  appearance  and  composition  occur  toge- 
ther, they  must  often  be  confounded  and  measured  as  one.  Many  of  the 
more  amygdaloidal  beds  appear  to  be  made  up  of  several  smaller  flows  from 
six  to  ten  feet  thick,  distinguished  by  being  highly  amygdaloidal  above, 
less  so  in  the  middle,  and  traversed  towards  the  base  by  long  cylindrical 
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vertical  pipes  filled  with  zeolite.^  But  even  supposing  that  these  appa- 
rent distinctions  are  accidental,  some  well  marked  crystalline  flows  in  each 
section  do  not  exceed  15  feet  in  thickness. 


Hitherto  only  the  igneous  portion  of  the  Deccan  series  has  been  de- 
scribed, but  volcanic  rocks,  although  they  form  the  great  mass  of  the  for- 
mation, do  not  compose  it  exclusively,  for  sedimentary  bands,  frequently 
fossil iferous,  have  been  found  in  several  places  interstratified  with  the 
lava  flows,  and  have  become  widely  known  and  described  as  intertrap- 
pean  beds.  Them  is  also  found  in  many  places,  at  the  base  of  the  whole 
series,  a  small  group  of  limestones,  sandstones  and  clays,  known  as  the 
Lameti  gi'oup,  from  its  occurrence  at  Lametci  Ghat,  on  the  Narbadi,  near 
Jabalpur. 

The  intertrappean  beds  have  been  found  in  two  distinct  portions  of  the 
Deccan  series,  first  close  to  the  base,  throughout  the  greater  portion  of  the 
enormously  extensive  circuit  of  the  volcanic  area,  and,  secondly,  in  the 
highest  portion  of  the  traps,  only  known  to  occur  close  to  the  coast  in 
Bombay  Island  and  the  immediate  neighbourhood.*  A  rough  classification 
of  the  whole  series  is  presented  in  the  following  sections : — 


Approximate 
thickness  In  feet.* 


I.  Upper  t'-aps,  with  numerous  beds  of  volcanic  ash  and  the 
intertrappean  sedimentary  deposits  of  Bombay 

a.  Middle  traps,  ash  beds  numerous  above  but  less  frequent 
towards  the  base,  no  sedimentary  beds  known         •         • 

3.  Lower  traps,   with   intertrappeans  of   Nippur,    Narbada 

valley,  etc.,  volcanic  ash  of  rare  occurrence  or  wanting     . 

4.  Lametd  or  infratrappean  group         •         •         •         •         . 


1,500 

4/x>o 

500 
20  to  100 


The  whole  thickness,  as  will  be  shown  presently,  is  probably  consider- 
ably greater  than  6,000  feet  in  the  neighbourhood  of  Bombay,  but  the 
rocks  gradually  thin  out  in  other  directions.  At  Bombay  the  upper  limit  of 
the  scries  is  not  seen.  It  is  highly  probable  that  near  Surat  and  Baroda 
the  trap  may  have  been  even  thicker  than  near  Bombay,  but  the  upper 
portions  have  been  greatly  denuded,  and  it  is  extremely  oiflicult  here, 
as  in  most  other  places,  to  estimate  the  thickness  with  any  accuracy. 
In  Cutch  the  traps  are  about  2,500  feet  thick,  whilst  in  Sind  they  have 


*  Bearing  in  mind  that  amygdaloidal  basalt 
muse  have  been  originally  vesicular  lava,  and 
that  what  are  now  nodules  of  quartz  or  zeolite 
were  originally  air  or  steam  bubbles,  it  is  easy 
to  understand  that  the  upper  portion  of  a  lava 
flow,  hairing  been  more  vesicular  originally 
than  the  lower  portion,  would  be  characterised 
by  a  prevalence  of  amygdaloid.  The  verti- 
cal tubes  must  also  have  been  originally  filled 
with  air  or  vapour,   perhaps  expelled  from  the 


underlying  stratum  by  the  heated  mass  flow- 
ing over  it. 

'  The  reasons  for  considering  the  Bombay 
traps  higher  in  the  series  than  the  others  will 
be  explained  subsequently. 

'  The  thickness  given  is  little  more  than  a 
guess,  except  in  the  case  of  the  lower  traps 
and  Lametds.  The  other  figures  are  minimum 
estimates  of  the  vertical  extent  of  the  series, 
where  fairly  developed. 
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dwindled  down  to  two  bands  at  different  horizons,  each  less  than  loo  feet 

thick.     Throughout  the  greater  portion    of  their  area,    no    higher  beds. 

except  laterite  or  post-tertiary  deposits,  are  found  resting  upon  them,  and 

it  is  impossible  to  form  any  accurate  estimate  of  their  original  develop- 

nie^nt.      In  the  extreme  south  of  the  volcanic  area,  near  Belgium,  their 

thickness  has  been   estimated  by   Mr.  Foole  to  be  2,000  to  2,500  feet. 

Oil  the  plateau  of  Amarkantak,  at  the  eastern   extremity   of  their  main 

area,  they  are  about  500  feet  thick,  but  farther  east  in  the  outlier  on  the 

M^io  P^t  in  Sarguja,   not  more  than  30c  to  400,  whilst  to  the  south-east 

n^str    Rdjimahendri    they  are  represented  by  a  thin  outlier,  in  which  from 

icx^    to  200  feet  of  basalt  may  be  exposed. 


Before  proceedirg  further  it  will  be  necessary  to  give  a   fuller  descrip- 

tioi^    of  the  sedimentary  formations,  and  in   accordance   wiih  the  system 

aclo|3ted  throughout  this  work,  the    Lamel4  group  as  the  lowest  will  first 

r^<^^^ive  attention.*     Formerly  this  group  was  supposed  to  be  a  representa- 

^^'V'^    of  the  Mahideva  group  of  the  Gondwina  system,  but  further  examina- 

tioim    has  shown  that  the  Mahddevas  are  much  more  ancient,  and  that  the 

^-^-■irietd  beds  are  so  closely  asscciated  with  the  lowest  trap   that  they  must 

"^    <^c3nsidered  as  part  of  the  same  series.     The  origin  of  the  name  has 

^*^^«idy  been  mentioned,  and  it  has  been  stated  that  the  group  consists  of 

hrn^. atones,  sandstones  and  clays.     The  limestones   are  the   most  charac- 

t&»"i^tic  and  persistent  beds,  they  frequently  occur  alone,  and  they  form  the 

"I^l>^r  portion  of  the  group    when    other  beds  are  associated   with  them. 

^^^^^^sionally   the  limestone  is   pure,  but  it  is  commonly  full  of  sand  and 

^'^"^^II  pebbles,  so  as  to  form  a  calcareous  grit  rather  than  a  limestone,  and 

^    «^    rule   it  contains  an  abundance  of  masses,  sometimes  irregular,  some- 

"  *vi  ^5  more  or  less  lenticular  in  form,  of  segregated  chert.    Some  of  the  small 

P^ tables  frequently  consist  of  red  jasper,  the  occurrence  of  which  is   very 

^^"^^r-acteristic.     This  gritty  limestone,   with   its  included  chert  nodules,  is 

^^'^rid  over  a  very  extensive  tract  of  country  in  the  Central  Provinces,  and 

'*t^F>^ars  to  be  rarely  absent  throughout  any  large  area  in  which  the  base  of 

^^    traps  is  exposed. 

T'he  bed  which,  after  the  limestone,  is  most  commonly  found  in  the 
eti  group,  is  a  rather  fine  porous  earthy  sandstone,  usually  of  a 
^^^^nish  colour.  The  clays  are  red  or  green,  and  are  very  frequently 
^^^^cjy  or  marly ;  sometimes  they  contain  nodular  carbonate  of  lime. 
*^^?^  are  of  local  occurrence  and  appear  but  rarely  to  extend  over  any 
.  ^^^^iderable  area.  All  these  beds  pass  into  each  other ;  the  limestone 
*^      t^ot  unfrequently  merely  the  sandstone  cemented  by  carbonate  of  lime, 

^or  details,  see   QuarL  Jour,  Gtol,  Soc,      VI,  ai6,  (1869);    IX,  315,  (1872);    XIII,   87, 
^.    154,  (i860);    Memoirs,   II,  196,  (i860);      (1877};  Records,  V,  88,  115,(1872). 
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the  marls  are  an  argillaceous  form  of  the  limestone,  and,  except  where  the 
charftcteristic  gritty  limestone  is  the  sole  representative  of  the  formation, 
there  is,  as  a  rule,  a  frequent  change  of  character  in  the  beds,  both  hori- 
zontally and  vertically.  'Ihis  is  usually  the  case  where  the  thickness 
exceeds  20  or  30  feet,  but  where  the  group  is  only  represented  by  a  thin 
band,  either  the  gritty  limestone  or  the  earthy  greenish  sandstone  is  com- 
monly found  alone. 

The  Lamet^  group  is  quite  unconformable  to  all  the  various  older 
formations  upcn  which  it  rests,  from  the  metamorphics  to  the  Jabalpur 
group.  As  a  rule,  the  lowest  flows  of  trap  are  conformable  to  the  in- 
fralrappean  beds,  but  in  some  instances  distinct  unconformity  has  been 
detected,  especially  in  one  case  near  Jabalpur,^  and  it  is  highly  pro- 
bable that  closer  examination  would  show  that  such  cases  are  common, 
and  that  in  many  localities  ivhere  Lametis  are  wanting  their  absence  is 
due  to  denudation  in  pre-trappean  times.  At  the  same  time  the  denuda- 
tion appears  to  have  been  local,  not  general,  patches  occurring  here  and 
there,  whilst  in  the  intervals  between  them  the  trap  rests  upon  a  forma- 
(ion  older  than  Lametd,  but  at  such  an  elevation  as  to  show  that  the 
absence  of  the  infratrappean  bed  is  not  due  to  the  ground  having  been 
above  the  water  in  which  the  Lametds  were  deposited.  It  is  impossible 
that  the  Lametis  cm  ever  have  been  co-extensive  with  the  base  of  the 
trap,  because  the  surface  on  which  the  latter  rests  is  extremely  uneven, 
and  many  portions  of  it  must  have  been  above  the  level  at  which  the  infra- 
trappean beds  were  deposited.  It  will,  however,  be  necessary  to  recur 
to  this  subject,  when  discussing  the  relations  of  the  trap  series  as  a  whole 
to  the  older  formations. 

It  is  unnecessary  to  give  a  list  of  localities  at  which  the  Lameti  group 
has  been  observed.  It  is  principally  developed  in  the  Central  Provinces, 
around  Nagpur,  Jabalpur,  etc.  It  has  not  been  found  in  the  southern 
Mardthi  country,  but  elsewhere  along  the  boundary  of  the  volcanic  area 
from  the  God^vari  valley  to  Bhopal  and  Indore,  it  is  rarely  absent  over 
any  considerable  area.  As  a  rule,  owing  to  its  small  vertical  development, 
it  only  covers  small  portions  of  the  surface,  and  it  usually  forms  a  narrow 
fringe  to  the  trap  country.  In  the  western  Narbada  valley  it  has  been 
recognised  and  described  as  lying  unconformably  on  the  cretaceous  B^gh 
beds.* 

The  Lameta  group  is,  as  a  rule,  singularly  unfossiliferous.  the  princi- 
pal fossils  which  have  been  found  in  it,  consisting  of  some  bones  of  a  large 
Dinosaurian  reptile,  Titanosaurus  indicus^  allied  to  Pelorosaurus  of  the 
wealden  and  Cetiosaurus  of  the  Bath  oolite.  These  fossils  occur  near 
Jabalpur,  and  similar  bones,  together  with  coprolites  and  some  chelonian 

1  SeeortiM,  V,  iiS,  (1872).  |     s  Lydc'-cker,  Rccoids,  X,  38,  (1877). 

2  Bose,  Memoirs,  XXI,  46,  (1884). 
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remains,  were  lound  at  Pisdura  about  eight  miles  north  of  Warori  in  the 
Chlndi  district.^     In  the  last  named  locality  some  of  the  characteristic 
fresh  water  molluscaof  the  intertrappean  beds,  such  as  Physa  prinsepii^  are 
associated  with  the  bones,  and  the  same  shells  have  dlso  been  found  in  beds 
at  the  base  of  the  trap  in  one  or  two  other  localities ;  for  instance,  a  Palu- 
^inay  api>arenlly  identical  with  P.deccanensis^  an  intertrappean  fossil,  was 
€ound  by  Mr.  Hislop  at  N^gpur,*  Melania  and  Corbicula  have  been  met 
•%vith  in  infratrappean  beds  near  Ellichpur  in  Berir,^  and  Phywa  piinsepii'm 
Si  similar  position  at  Tcdihal,  15  miles  norlh-north-east  of  Kaladgi  in  the 
southern   Mardiha  country.*     But  it  is  by  no  means  clear,  in  those  loca- 
lities,  where   fresh  water    shells    are    found   in   beds    beneath    the  trap, 
^th  the  exception  of  N<lgpur,   that  an   intertrappean   bed   has   not  over- 
lapped  the   edge  of  the   underlying  lava  flow,  so  as  to  rest  upon  an  older 
yock,  which  may  be  either  Lameti  or  any   other  more   anrieut   formation 
'and   in   the  particular  case  of   Pisdura,   where  all  the  fossils   are  found 
Scattered  on  the  surface  of  a  field  consisting  of  red    Lameti  clay,  there  is 
always  a  possibility  that  Physa  piinsepii  and  similar  fossils  may  have  come 
frcm  some  small  unnoticed  intertrappean  band,  concealed  beneath  the  deep 
^utrface  soil.     At  the  same  time  it  is  by  no  means   improbable  that  the 
-^^Jiysa   and  other  shells  are  really  derived  at  Pisdura  from   the   LametiC 
s,  and  that  this  group  consequently  is  not  much  older  than  the  volcanic 
ds  which  overlie  it. 

The  only  other  noteworthy  occurrence  of  fossils  in  the  Lametd  group 

that  of  some  fish  remains  at  Dongargaon,  six  miles  east  by  south,  and 

hamni,  nine  miles  east  by  north,  of  VVarori^     The  species  have  not  been 

ascribed  ;   one   of  the  fish  found  was  considered  by  Sir  P.  Egerton  allied 

the   Sphvraenodus  (a    cycloid   acanthopterygi m)    of  the    London  clay, 

ut  according  to   Mr.  Smith  Woodward,  only   differs  from  Belonostomus^ 

n   upper   cretaceous   g*nus,    in  the  prominence  of  the   vertical  foldings 

f  the  teeth.* 


Leaving  the  question  of  the  mode  of  origin  of  the  Lamet^  group 
o  be  discussed  hereafter,  and  deferring  for  the  moment  the  description 
f  some  beds  with  marine  fossils  found  at  the  base  of  the  traps  near  Riija- 
ahendri,  the  next  group  which  requires  notice  is  that  comprising  tho 
resh  water  beds  interstratified  with  the  lower  traps  in  many  parts  of 
ndia,  and  especially  in  parts  of  the  Central  Provinces,  northern  Haideribld, 
r,  and  the  states  north  of  the  Narbadi  valley.  Throughout  these  tracts 
f  country,  and  beyond  them  almost  throughout  the  great  trap  area,  there 


»  QuArt.  Jour.  Ce»l.  Soc.,  XVI,  163,  (i860); 
Memoirs,  XIII,  88,  (1877). 

»  Quart.  Jour,  Geol.  Sac,  XVI.  167,  (i860). 
'  Mrmoirs,  VI,  283,  (1669). 


*  Memoirs,  XII,  X93   (1876). 

»  Quart,      Jour,    Geol,     Sac,     XVI,   i6j, 


(  v<^6o  . 

•  Ifecofds,  XXIII,  24,  (•  890). 
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are  found  here  and  there,  near  the  base  of  the  volcanic  formations, 
and  in  no  case  so  far  as  has  hithertD  been  recorded,  at  a  greater  height 
than  from  three  to  five  hundred  feet  above  the  base,  thin  bands  of  chert, 
limestone,  shale  or  cUy,  often  abounding  in  fossils  of  fresh  water  or 
terrestrial  origin. 

Perhaps  the  most  common  form  of  the  intertrappean  bands,  or  that 
which  is  most  conspicuous,  is  a  compact,  blackish,  cherty  rock,  a  kind  of 
lydian  stone  It  is  clear  that  this  rock  has  been  originally  a  silt,  and  has 
been  hardened,  either  by  the  outpouring  of  igneous  rock  over  it  or  by 
chemical  infiltration,  the  former  being  the  more  probable,  because  it  very 
frequently  happens  that  the  upper  portion  of  the  bed  only  is  cherty,  the 
lower  portion  being  a  soft  earthy  shale.  Other  forms  of  intertrappean 
bands  are  a  dark  or  pale  grey  limestone,  often  earthy  and  impure,  but 
rarely  gritty,  like  the  characteristic  Lameti  bed.  Not  unfrequently  the 
sedimentary  bed  is  composed  of  volcanic  detritus,  whether  removed  by 
denudation  from  solid  basalt,  or  consisting  merely  of  the  loose  products 
of  eruptions,  such  as  lapilli,  it  is  difficult  to  say.  Red  and  green  clays  or 
bole  are  also  found,  often  associated  with  other  intertrappean  rocks. 

As  a  rule,  the  sedimentary  beds  interstratified  with  the  lava  flows 
are  distinguished  from  those  underlying  the  whole  volcanic  series  by 
the  absence  of  pebbles  and  sand,  but  occasionally,  though  rarely,  sandy 
and  even  pebbly  beds  are  found  at  some  distance  above  the  base  of  the 
trap.  In  the  south  Marithi  country  most  of  the  intertrappean  beds  are 
sandstones  and  conglomerates.  One  peculiar  detrital  form  of  intertrap- 
pean accumulation  has  hitherto  only  been  described  from  the  country 
north  of  the  Narbadi  and  south  of  Chhota  Udaipur  on  the  banks  of  the 
Karo,  a  tributary  of  the  Hiran  river.*  The  lower  beds  of  the  trap  series 
here  consist  of  conglomerates,  sandstones,  and  sandy  grits,  sometimes 
resting  on  a  stratum  of  basalt,  but  occasionally  on  the  Bagh  cretaceous 
beds,  which  underlie  the  volcanic  formations.  Occasionally  the  sandstone 
or  conglomerate  appears  to  be  chiefly  composed  of  detritus  derived  from 
the  metamorphic  rocks,  but  volcanic  fragments,  usually  in  the  form  of 
rolled  pebbles  of  basalt,  can  always  be  found  by  search,  and  in  many 
parts  the  bed  becomes  a  mass  of  rolled  volcanic  fragments,  often  mixed 
with  unrolled  scoriae.  At  times,  indeed,  the  rock  is  a  conglomeratic  ash, 
in  which  rolled  fragments  of  metamorphic  rocks  and  of  basalt  occur  to- 
gether Hornblende  and  pyroxene  crystals  have  been  found  in  these 
conglomeratic  ashy  beds,  which  are  in  some  places  as  much  as  200  feet 
thick.  In  some  instances  the  conglomerates  appear  to  have  accumulated 
in  hollows,  like  river  beds,  but  in  any  case  the  abundance  of  rolled  pebbles 
and  boulders  of  trap  is  important  as  a  proof  that  denudation  took  place  in 
the  interval  between  successive  lava  flows. 

»  Memoirs,  VI,  327,  (1866). 
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With  the  exception  of  the  detrital  accumulations  wliich  have  just  been 

njentioned,  the  intertrappean  bands  rarely  exceed  a  few  feet,  from  three  to 

about  twenty,  in  thickness,  and  they  frequently  do  not  exceed  half  a  foot. 

fn    many  places  two  or  more  sedimentary  beds  occur  at  different  levels  in 

.the  same  section,  and  the  different  bands  are  in  some  cases   dissimilar    in 

in/iieral  character.     Thus,  at    Mekalgandi^   Ghclt  in  the  Sichel  hills,  south 

0/    the  Pen  Gangi  river,   on  the  old  road  from  Nigpur   to   Haideribid,  a 

Ifxrstlity  famous  as  being  one  of  the  first  at  which  the  intertrappean  fossils 

H'cz-^  detected   by   Malcolmson,   the    following  beds  are  observed  in  sec- 
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1.  Trap. 

2-  Cherty  bed  containing  Utiio,  Cypris,  etc. 

3.  Trap. 

4.  Limestone  containing  Cypris  and  fragments  of  small  mollusca. 

5.  Trap. 

6.  Calcareous  grit,  containing  broken  shells  (Lameti). 

7.  Metamorphic  rocks. 

A  single  intertrappean  bed  can  but  rarely  be  traced  for  more  than  ihree 
^Dur  miles  without  interruption  ;   it  then  usually  dies  out.     At  the  same 
^  it  is  rare  to  go  over  any  large  tract  near  the  base  of  the  traps  without 
ing   some   sedimentary  bands   interstratified,  and  occasionally  one   is 
d  to  be  much  more  extensive   than  usual.     Thus,   an   instance  is  re- 
ed by  Mr.  J.  G.  Medlicott*  in  Sohigpur,  east  of  Jabalpur,  in  which  an 
Ttrappean  bed  was  traced  for  nearly  25  miles. 

It  would  take  up   too  much   space  to   enumerate  all  the  localities  at 
^h   the    lower    sedimentary    intertrappean   beds  have   been   observed, 
^y  have   been  noticed    in    several    places   in    the   southern    Marithi 
»try  ;  they  are  commonly  found  near  the  base  of  the  trap  flows  almost 
ughout  the  great  and  irregular  line  of  boundary  extending   ftom  the 
vari  to  RcLjputina,  and  they  occur  even  in  small  outliers,  for  instance, 
^^liin  Pit  in   Sarguja  ;   they  have  been  detected  by  Mr.  Rogers  ^  to  the 
tward   at  Dohad,  about  75  miles  north-east  of  Baroda,  and  still  farther 
t  in  Cutch,  by  Mr.  Fedden  *  of  the  Geological  Survey. 
The  abundance  of  fresh  water  and  terrestrial  animals  and  plants  in 
intertrappean  beds  has  been  the  principal  reason  for  the  comparatively 
e  amount  of  notice  which  these    thin   bands  of  rock    have   attracted, 
e  mollusca   are  very   abundant  and   are  occasionally  exquisitely  pre- 
ved  in  the  cherty  layers,  the  commonest  species  being  forms  of  Physa  and 
mneUy  whilst  Unio^  although  abundant  locally,  is  of  comparatively  rare 
^^urrence.     Paludina,   Valvata,   and  Melania  are   far   from  uncommon. 


Mucklegondy  pass  of  Malcolmson. 
Memiits,  II,  aoi,  (1859). 


»  Quart,  Jour.  Ceol.  Soc,  XXVI,  122,(1870). 
*  Memoirs,  IX,  58,  240,  (1872). 
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Land  shells  are  very  seldom  found,  but  they  have  been  detected*  in  one 
case  at  least.  Entomostracous  crustaceans  are  very  nearly  as  common  as 
mollusca,  wll  hitherto  found  belonging  to  the  genus  Cypris.  The  other 
remains  of  animals  hitherto  detected  have  consisted  of  insects,  fishes,  and 
reptiles,  all  of  which  are  fragmentary.  Plant  remains  abound,  but  leaves 
are  rare,  seeds  and  fragments  of  wood  being  more  common  and  the  most 
abundant  vegetable  fossils  are  the  seed  vessels  of  Characeas^  of  which  one 
species  has  been  described  under  the  name  of   Chara  malcolmsoni. 

The  plants  have  not  been  described,  with  the  exception  of  the  Chara. 
Those  collected  near  N^gpur  are  said  by  Mr.  Hisiop  to  comprise  about 
fifty  species  of  fruits  and  seeds,  twelve  ol  leaves,  and  five  kinds  of  woods, 
the  only  forms  mentioned  are  endogens  and  angiospermous  exogens.  The 
relations  of  the  fossils  will  be  discussed  in  the  sequel,  together  with 
the  fauna  of  the  other  intertrappean  deposits. 

The  whole  of  the  mollusca  and  Crustacea  are  fresh  water  forms ;  no 
marine  species  have  been  detected  associated  with  them,  except  in  the 
beds  near  Rijimahcndri,  of  which  a  description  \\\\\  be  given  in  the 
next  paragraph.  The  insects  and  plants,  with  the  exception  of  Chara 
a  fresh  water  form,  are  of  terrestrial  origin.  The  general  prevalence  of 
the  pulmoniferous  mollusca  Physa  and  Lymnea  appears  to  indicate  that  the 
water  was  shallow,  as  these  forms  live  partly  at  the  surface,  Cypris^  too, 
is  commonly  found  in  shallow  marshes. 

The  outcrops  of  trap  near  Rijimahendri  are  so  remote  from  any 
other  exposure  of  the  Deccan  volcanic  series,  being  about  210  miles 
distant  from  the  nearest  point  of  the  great  Deccan  area  north-west 
of  SironchcL,  that  some  doubt  would  remain  as  to  the  identification,  despite 
the  similarity  of  mineral  character,  had  not  some  of  the  typical  fresh  water 
fossils  ol  the  Deccan  intertrappean  beds  been  discovered  in  the  R4ji- 
mahendri  area.  The  Rdj^mahendri  outcrops  occur  on  both  banks  of  the 
GodrtVari,*  and  consist  of  an  interrupted  narrow  band  of  volcanic  rocks, 
chiefly  earthy  dolerite  and  amygdaloid  of  the  usual  character,  extending 
altogether  for  about  35  miles  from  east-  north-east  to  west-south-west. 
Traps  are  seen  at  Kdteru  on  the  left  bank  of  the  Godivari  just  north  of 
Rcijclmahendri  itself,  and  extend  rather  more  than  ten  miles  to  the  east- 
north-east,    resting    upon    metamorphic   rocks  whenever   lower   beds   are 


^  Men.oirs.f  11,  21 3,  (i 859)  ;  several  forms 
were  referred  to  the  terrestrial  genus  Acha- 
Una,  Some  similar  fossils  from  a  French 
deposit  had  been  placed  in  the  same  genus,  but 
it  appears  more  probable  that  the  Indian  shells 
are  of  fresh  water  origin  and  belong  to  Lymnea 
or  to  some  allied  type. 

'  The  intertrappean  beds  were  discovered 
origin.illy  by  General  Cullen   and    Dr.  Benza, 


and  collections  of  the  fossils  were  mad:  bv 
Lieutenant  Stoddnrt  and  Sir  W.  Elliot,  and 
described  by  Mr.  Hisiop,  Quart  Jour.  Geol- 
Soc,  XVI,  161,  176,  (i860).  The  infratrappcan 
band  was  first  noticed  by  Dr.  Kinj^,  Records, 
VII,  159,  (1874).  See  also  Memoirs,  XVI. 
324,  (1880);  Quait.Jour.  *JeoU  Soc.,  X.  471, 
(i854). 
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seen.  On  the  right  bank  the  volcanic  rocks  appear  in  two  areas,  divided 
by  small  alluvial  valley  :  the  larger  extends  for  about  ten  miles  to  the 
westward  from  Pungadi,  7  miles  west  of  Rijamahendri,  and  the  smaller 
occurs  a  few  miles  still  farther  west.  In  these  outcrops  the  beds  of 
the  volcanic  series  rest  upon  the  RSjmah^l  rocks  of  the  Ellore  region.  In 
bath  cases  the  strata  overlying  the  trap  are  Cuddalore  sandstones 
and  all  the  beds  alike  have  a  low  dip  to  south  or  south-east.  The  whole 
thickness  of  the  volcanic  series  at  this  locality,  as  already  mentioned, 
Dowhere  appears  to  exceed  about  200  feet,  and  in  places  it  is  not  more 
than  J  00. 

At  the  base  of  the  traps,  and  intervening  between  the  basalt  flows  and 

the     umlerlying    Jurassic   sandstone,  about  50  feet  of  sandstone,   white, 

yellowish,  or  greenish  in  colour,  are  exposed  near  the  village  of  Dudkur,  12 

miles  west  of  R4j4mahendri.    The  upper  portion  is  calcareous,  and  on  the 

top    there  is  a  band,  about  six  inches  to  two  feet  thick,  of  sandy  limestone 

abounding  in  marine  fossils,  the  most  abundant  of  which  is  a  Turritellay 

apparently  identical  with  T.  dispassa  of  the  cretaceous  Ariyal  11  r  group.     If 

not  identical,  the  two  species  are  very  closely  allied.     A  Nautilus^  about 

fifteen  Gasteropoda^  and  eleven  Laviellibranchiata  accompany  the  Turri^ 

'^^/a,   but  not  a  single  species,  except   Turritella  dispassa^    has    been 

recognised  as  identical  either  with  the  cretaceous  beds  of  southern  Indii 

'Or    w*ith  the  eocene  fossils  of  the  nummulitic  group.     The  collections  have 

°^t,  however,  been  sufficiently  compared  to  enable  the  species  to  be  de- 

^^•"niined  with  certainty.     Only  one  single  species,  too,  Cardita  variabilis^ 

has  been  recognised  as  occurring  also  in  the  overlying  intertrappean  bed. 

Although    the  whole  facies  is  tertiary,  there  is  a  remarkable  absence  of 

^"^racteristic  genera,*  and  the  chief  distinction  from  the  cretaceous  fauna 

^^  the  upper  beds   in  Southern    India  is  simply  the   want  of  any  marked 

^^^taceous  form      1  he  fauna  is  distincly  marine. 

It  is  difficult  to  say  whether  this  bed  should  be  referred  to  the  Lameti 
ff^oup  or  not.  The  mineral  character  is  similar,  but  all  known  LametA 
®^t Crops  are  so  distant  that  the  identification  is  somewhat  doubtful. 
*  '^e  distinctions  between  the  fossils  of  the  H^gh  beds  and  those  of  the 
*^*^ratrappeans  of  Dudkur  and  Pungadi  appear  too  great  to  be  attributed 
*^iely  to  the  existence  of  a  land  barrier  between  the  two  areas  ;  it  is 
^^nRcultto  suppose  that  the  two  lormations  can  be  of  the  same  geolo- 
^*^al  age,  and  the  Bdgh  beds  are  probably  more  ancient  than  the 
•^^gadi  infratrappeans.  The  balance  of  evidence  is  rather  in  favour  of 
^^' erring  the  latter  to  cretaceous  times  than  to  tertiary,  and  they  may  be 
^*^sidered  of  intermediate  age,  as  will  be  shown  to  be  probably  the  case  with 


u. 


Lametis. 

A.niongst  the  genera  identified  .nre  Roslel' 
**»    several  forms  of  Afuiicida,  a  Volutilithes 
the  tertiary   K.  torulosa^Natica^  Tuiritello, 


Dentnlinm,  Cytherea  or  allied  genera  (three 
sp.),  Cai«//7a  (four  sp.),  Cot  bis,  Feciunculus, 
Cucullaa  and  Osirea, 
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Upon  the  fossiliferous  limestone  described  in  the  last  paragraphs  a  flow 
of  basalt  is  superposed,  varying  in  thickness  from  about  30  to  about 
100  feet.  There  is  an  appearance  of  slight  unconformity  where  the  volcanic 
rock  rests  upon  the  sedimentary  bed,  the  surface  of  the  latter  being  slightly 
uneven,  as  if  denuded,  and  the  upper  fossiliferous  infratrappean  zone  is 
occasionally  wanting.  The  variation  in  thickness  of  the  basalt  stratum 
may  be  due  to  its  having  been  poured  out  upon  an  uneven  surface,  but  it 
is  not  quite  clear  whether  this  unevenness  was  due  to  disturbance  of  the 
sedimentary  beds  before  the  outburst  of  the  traps.  That  the  denudation 
of  the  underlying  formations  can  have  been  only  partial  is  shown  by  the 
fact  that  they  may  be  traced  between  three  and  four  miles,  the  upper 
portion  alone  being  locally  absent. 

On  the  left  bank  of  the  GodAvari,  near  R^jclmahendri  itself,  the  in. 
fratrappean  band  has  not  been  observed.  The  thickness  of  the  lower 
flow  of  basalt  cannot  be  cl?arly  ascertained,  but  it  is  not  less  than  40 
or  50  feet,  and  is  probably  more.  Above  this  lower  flow  on  both  banks  of 
the  GodcLvari  there  is  found  a  sedimentary  band,  twelve  to  fourteen  feet 
thick  at  Kiteru,  where  it  only  extends  for  about  half  a  mile,  and  about  two 
to  four  feet  thick  in  the  Pungadi  direction,  where  it  has  been  traced  for 
about  ten  miles.  The  intertrappean  bed  consists  of  limestone  and  marly 
portions  of  which  abound  in  fossils.  Numerous  quarries,  which  have  been 
opened  near  both  Pungadi  and  KAteru,  have  afforded  good  opportunities 
for  obtaining  fossils,  which  are  difficult  to  extract  from  the  argillaceous 
limestone  when  it  is  first  quarried  but  weather  out  on  exposure.  About 
30  or  40  feet  above  the  fossiliferous  limestone  of  Kiteru,  another  sedi- 
mentary bed,  consisting  of  yellow  calcareous  shale,  is  seen  in  one  place. 
It  is  very  thin,  and  no  fossils  have  been  found  in  it. 

The  most  marked  feature  of  this  fauna  is  its  distinctly  estuarine  char- 
acter.^ Tympanotonus,  Pirenella^  Cerithidea  and  Potamideszx^  all  brackish 
water  forms.  Hydrobia  is  an  estuarine  genus,  and  the  fossil  called  Hemi- 
toma  closely  resembles  a  species  of  Acmasa  found  living  in  creeks  in  the 
deltas  of  Indian  rivers.  The  shell  described  as  Cerithium  multiforme  ap- 
pears to  be  a  Tympanotonus  ovPirenella;  C  leithi  has  the  characteristic  form 
and  sculpture  of  a  Cerithidea^  and  C  stoddardi  is,  at  least,  as  much  allied  to 
Potamides?isto  Cerithium  proper.  Some  of  the  shells  referred  to  Cytherea 
agree  best  with  the  typical  forms  of  the  genus  (C  meretrix)^  many  species 
of  which  abound  in  backwaters  and  at  the  mouths  of  rivers,  and  Mr.  Hislup 
has  remarked  the  similarity  between  Corhula  oldhami diXiA  a  Brazilian  species 
belonging  to  the  estuarine  genus  Asara,  There  is  a  complete  absence  of 
pelagic  shells  such  as  the  Cephalopoda,  no  Echinodermata  or  corals  are 
found,  and,  above  all,  four  species  Physa  prinsepii^  Lymnea  subulata^ 
Paludina  normalis  and  Corbicula  ingens  are  characteristically  fresh  water 

'   For  a  list  of  the  species  that  have  been  obtained  see  Memoirs,  XVI,  233.  (1880). 


Chap.  XI.]  AGE   OF  THE   Riji    MAHENDRI   BROS.  2; I 

forms ;  the  first  three  of  these  are  of  comparatively  rare  occurrence, 
but  the  Corbicula  is  common,  and  the  last  named  may  perhaps  have  lived 
in  brackish  water,  as  its  near  ally  Cyrena  does  at  the  present  day,  whilst 
the  purely  fresh  water  shells  were  washed  down  by  rivers,  this  view  being 
quite  in  accordance  with  the  theory  that  the  intertrappean  beds  of 
Rdjimahendri  were  deposited  in  brackish  water,  which  was  supplied 
with  fresh  water  by  streams,  but  was  also  in  communication  with  the 
sea. 

The  mollusca,  however,  cannot  be  considered  as  very  characteristic  of 

age.     They  were  compared  by  Mr.   Hislop  with  the  nummulitic  fauna  of 

western  India,  but,  as  he  points  out,  no  forms  appear  to  be  identical,   and 

although  Natica  dolium,   Turritella  affints  and  an  unnamed  Cerithium 

found  in  the  tertiaries  of   Sind  and  Cutch  resemble  A^.  stoddardi^  T,  prs- 

longa  and  C  stoddardi\  the  intertrappean  forms  are  more  closely  allied  to 

the  cretaceous  N,  {Mammilla)  carnatica^  T.elicita  and  Cerithium  vagans 

than  to  the  eocene  species  mentioned,*  while  other  forms  might  easily  be 

shown  to  be  affined  to  those  occurring  in  the  cretaceous  rocks  of  Southern 

India.     In  the  case  of    Turritella  praslonga  and   T.  elicita  the  affinity  is 

very  great.     The  shell  called  f^iVtfr7J_/«5/yi7r/if/>  appears  not  to  be  really 

congeneric  with  V,  verneuilU\  the  type  of  the  genus,*  and  the  latter  has 

now  been  found  to  be  miocene,  not  eocene.     On  the  whole,  it  may  be  safely 

sisserted  that  no  tertiary  alliances  of  any  value  have  been  detected  amongst 

t.he  intertrappean  R^jimahendri  fossils,  and  that  their  relations  are   rather 

^th  the  upper  cretaceous  rocks  of  Southern  India,  although  the  connection 

is  not  strong. 

In  the  islands  of  Bombay  and  Salsette,  and  probably  farther  north  on 
the  same  line  of  coast,  the  traps  have  an  inclination  of  from  5^  to  10® 
to  the  westward.  The  islands  are  separated  from  each  other  and  from  the 
mainland  to  the  north  by  tidal  creeks  and  alluvial  flats,  whilst  the  expanse 
of  water  forming  Bombay  harbour  lies  between  them  and  the  mainland  to 
the  eastward.  In  the  islands  of  the  harbour,  and  on  the  hills  between 
Thina  and  Kalyan  north  of  the  harbour,  the  same  westwardly  dip  is  dis- 
played, but  further  to  the  eastward,  from  Kalyin  to  the  Sahyddri  range, 
the  traps  are  horizontal. 

About  2,000  feet  of  horizontal  beds  are  expos'^d  on  the  flanks  of 
Mcltherin  hill,  and  a  still  greater  thickness  farther  to  the  east  in  the  hills 
near  the  Bhor  Ghit  and  close  to  the  Great  Indian  Peninsula  Railway  line 
between  Bombay  and  Poona,  but  it  is  impossible  to  say  how  far  the  lowest 
strata,  exposed  at  the  base  of  the  hills,  are  above  the  bottom  of  the  series, 
as  no  lower  beds  than  the  traps  are  seen.    Owing  to  the  numerous  breaks  in 

'  When  Mr.  Hislop  wrote,  the  South  Indian  I     '  This  was  pointed  out  by  Mr.  H.  M.  Jenkins, 
cretaceous  fossils  had  not  been  described.  '  Quart.  Jour.  Ceol.  Soc.,  XX,  iS^  (1864). 
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the  section,  it  is  dilTicult,  without  closer  measurements  than  have  hitherto 
been  made,  to  estimate  the  precise  thickness  of  the  rocks  dipping  to  the 
westward  near  Bombay,  but  taking  the  average  dip  at  5°,  the  whole  thick, 
ness  would  be  nearly  7,000  feet.  This  is  a  minimum  estimate,  as  the 
average  dip  is  probably  higher  and  the  thickness  consequently  greater. 
From  1,200  to  1,500  feet  ol  rock  are  exposed  in  Bombay  island,  so  that  it 
is  evident  that  the  lowest  beds  seen  on  the  island  are  higher  in  the  series 
thin  the  highest  flows  seen  on  the  Sahyidri  mountains  to  the  eastward, 
although  some  of  the  higher  portions  of  the  range  are  4,000  feet  above 
the  sea. 

The  intertrappeans  of  Bombay  are  entirely  4!on1ined,  so  far  as  is  known, 
to  these  higher  beds,  no  sedimentary  rocks  having  hitherto  been  found 
amongst  the  middle  portions  of  the  Deccan  trap  series  and  it  is  manifest 
that  the  Bombay  fresh  water  beds  belong  to  a  very  different  horizon  from 
that  to  wliich  the  intertrappeans  of  Nigpur  and  the  Narbadi  valley  must 
be  assigned.  The  most  important  bed  is  that  which  underlies  the  basalt 
of  Malabar  hill  and  Worlee  hill,  forming  the  broken  ridge  along  the 
western  or  sea  face  of  the  island ;  this  stratum  is  consequently  imme- 
diately beneath  the  highest  lava  flow  known  to  occur  anywhere  through- 
out the  trap  area,  for  the  rocks,  as  already  stated,  dip  to  the  west,  and  no 
beds  higher  than  those  of  Bombay  have  been  discovered.  It  must,  however, 
not  be  forgotten  that  the  coast  north  and  south  of  Bombay  has  not  hitherto 
been  examined  with  sufficient  care  to  make  it  quite  certain  that  no  higher 
beds  occur. 

This  intertrappean  bed  on  the  east  side  of  Malabar  hill  is  more  than  one 
hundred  feet  thick  in  places,  and  consists  principally  of  soft  grey,  greyish 
blue,  brown,  and  brownish  yellow  earthy  shales,  with  occasional  harder 
bands,  some  of  which  are  black  and  carbonaceous.  The  greater  portion 
of  the  bed  is  evidently  formed  of  volcanic  detritus,  whetlier  lapilli  washed 
down  by  water,  or  sand  produced  by  the  disintegration  of  lava  flows 
it  is  difficult  to  say,  very  possibly  both  may  have  contributed  to  the 
formation  of  the  rock.  At  the  top  of  the  deposit  the  shale  occasionally 
becomes  hardened  and  silicious,  as  if  by  the  action  of  the  overlying 
basalt.  The  black  carbonaceous  shale  is  locally  highly  bituminous  and 
sometimes  contains  small  layers  of  a  coaly  substance  and  fragments  of 
mineral  resin.  Impressions  of  vegetables  abound,  although  they  are  I  ut 
seldom  well  preserved,  and  remains  of  animals  are  ctH»Hftaiv^i^  best  kno\^n 
being  skeletons  of  small  frogs  and  carapaces  of  Cy prides. 

Besides  this  thick  sedimentary  band,  several  thinner  beds  have  been 
found  at  lower  horizons  amongst^  the*  lava  iWw&aud  ash  beds  of  Bombay 
island.  They  are,  however,  very  thin  and,  except  one  which  is  seen  in 
the  quarries  of  Nowroji  hill  south  of  Mazagaon,  they  are  difficult  to  detect  ; 
indeed,  the  circun:staiicc  of  their  occurrence  has  only  become  known  through 
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the  careful  scrutiny  of  local  geologists,  who,  living  in  the  town,  could  take 
advantage  of  any  excavations  for  buildings,  tanks,  roads,  etc.,  to  examine 
the  strata  exposed.  According  to  Dr.  Buist  there  are  five  or  six  sediment- 
ary beds  below  the  thick  band  of  Malabar  hill,  but  fossils  have  only  been 
found  in  that  exposed  at  Nowroji  hill^  where  Cy prides  occur.  All  these 
bands  consist  of  shaly  beds.^ 

The  fossils  found  at  Bombay  are  tolerably  numerous,  but  hitherto  only 
the  Vertebrata  appear  to  have  received  more  than  a  superficial  notice.  The 
remains  of  a  fresh  water  tortoise,  Hydraspis  letihi  {Testudo  leithi,  Carter) 
belonging  to -the  Emydida^  and  of  a  frog,  Rana  fusHla?  considered  by 
Dr.  Stoliczka  an  Oxyglossus^^  ha vd  been  found,  the  latter  in  abundance, 
while  some  bones  of  a  larger  frog  have  been  obtiined.  The  Arihropoda  are 
represented  by  three  species  of  Cypris^  one  of  which,  C  {cylindrica),  is  also 
found  in  the  intertrappean  deposits  of  the  Deccan  ;  another  species  has 
been  called  C  semipnarginata  by  Dr.  Carter,  the  third  is  unnamed.  C,  semi^ 
marginata  is  the  most  generally  diffused,  but  the  other  forms  also  occur  in 
great  numbers.  Only  fragments  of  insects  have  been  found.  MoUusca 
are  rare,  and  the  few  specimens  hitherto  procured  have  been  in  poor  con- 
dition, they  have  been  referred  to  Melanin  and  Pupa^  but  with  some  doubt, 
and  none  of  the  characteristic  Deccan  forms  have  been  detected.  The 
plant  remains  comprise  stems,  leaves,  seeds,  and  perhaps  roots,  but  very 
little  has  been  determined,  except  that  endogens  and  angiospcrmous  exo- 
gens  are  represented. 

The  life  represented  by  the  species  named  is  clearly  that  of  a  shallow 
marsh.  The  frogs  occur  in  large  numbers,  and  their  bodies  have  evidently 
been  deposited  near  the  spot  where  they  died,  as  the  whole  skeleton 
is  found  perfect.  In  some  cases,  as  was  noticed  by  Dr.  Stoliczka,  the 
skeleton  has  been  dragged  along  the  surface  of  the  shale  in  which  it  is 
imbedded,  and  he  suggests  with  great  probability  that  this  was  done  by 
wind.  The  tortoise  is  a  marsh  or  river  form,  the  nearest  living  ally,  accord- 
ing to  Dr.  Gray,*  being  a  genus  found  in  fresh  water  in  South  America. 

After  the  description  of  the  various  sedimentary  formations  intercalated 


'  For  fuller  description  of  these  beds  see  Carter, 
^our.  Bo..  Br.  Roy.  As.Soc,  IV,  161,  (1853), and 
<jeological  Papers  on  Western  India,  p.   128; 

IKMSt.  Trans.  Bo.Ceogr.  Soe.,  X,  195.  (1852); 
^ynne,  Memoirs,  V,  193.(1866;;  VI,  385.  (1869). 

It  must  not  be  forgotten  that  Dr.  Carter's  views 
*s  to  the   relations   of   the  sedimentary  beds 

differ   essentially  from   those   stated   in   text, 

with  which  all  other  observers  agree. 


*Owen,  Quart.   Jour.     Geol.  Stc,  111,224.    hinder  limbs 


(1847). 
«  Memoirs,  VI,   387,  (1867).     Dr.   Stoliczka 


shows  that  the  form  agrees  well  with  Oxyglas' 
sus  and  with  no  other  known  existing  genus. 
At  the  same  time,  as  some  of  the  principal 
characters  by  which  genera  of  frogs  are  dis- 
tinguished are  not  preserved  in  the  skeleton, 
the  Bombay  frog  may  have  differed  greatly 
from  recert  Oxyglossi.  From  the  species  of 
true  Rana  it  is  distinguished  by  the  want  of 
vomerine   teeth,    the   large    head,   and  short 


«  Ann.  Mag.  Nat.  Hist ,  4^h  series,  VIII,  339. 
(1871). 
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with  the  traps  or  underlying  them,  the  next  point  for  consideration  is  the 
mode  of  origin  of  the  trap  rocks  themselves.  Their  volcanic  character  is 
sufficiently  proved  by  their  composition.  Precisely  similar  rocks  occur 
amongst  the  lavas  poured  out  from  recent  volcanoes,  whilst  nothing  of  the 
same  kind  has  ever  been  known  to  be  deposited  from  water.  But  the  first 
difficulty  which  arises,  and  it  is  one  of  very  great  importance,  is  to  account 
for  the  persistent  horizontality  of  the  beds.  Two  observers  certainly, 
Jacquemont*  and  Adolph  Schlagintweit,*  have  considered  that  the  traps  are 
unstratified,  but  after  the  evidence  already  mentioned  as  to  the  differences 
in  mineral  character  between  successive  bands,  the  frequent  occurrence  of 
vesicular  structure  on  the  upper  surface  of  flows,  the  presence  in  abundance 
of  beds  of  volcanic  ash,  and  the  repeated  interstratification  in  the  same 
localities  of  sedimentary  layers,  it  is  unnecessary  to  refute  this  view.  A 
much  more  common  opinion,  and  one  which  has  been  supported  by  numer- 
ous excellent  geologists,  from  Newbold  downwards,  is  that  the  Deccan 
traps  are  of  subaqueous  origin,  and  it  is  necessary  to  show  why  this  opinion 
is  untenable. 

In  all  cases  of  subaqueous  eruptions  the  ejected  masses  consist  of 
substances  very  similar  to  the  lava,  ashes,  scoriae  and  lapilli  of  ordinary 
subaerial  volcanic  outbursts,  but  these  materials  being  thrown  out  into  the 
water  are  reduced  by  the  sudden  cooling  to  the  condition  of  a  fine 
powder,  which  is  dispersed  and  deposited  in  layers  in  the  same  manner 
as  ordinary  detritus,  so  as  to  form  what  are  known  as  stratified  tuffs. 
With  these  tuffs  ordinary  marine  deposits  are  necessarily  intercalated, 
and  both  these  and  the  tuffs  are  usually  fossiliferous,  the  very  destruction 
of  life  in  the  waters  of  the  sea,  caused  by  the  heat  and  gases  which  are 
evolved  during  eruptions,  encouraging  the  preservation  of  those  portions 
of  the  organism  which  are  not  liable  to  destruction  from  the  temperature 
of  boiling  water  or  the  process  of  decomposition.  Now,  the  volcanic 
ashes,  already  described  as  occurring  in  great  abundance  amongst  the 
higher  beds  of  the  Deccan  traps,  are  not,  as  a  rule,  stratified  in  the 
manner  in  which  beds  deposited  from  water  would  be.  Although  they 
occur  in  strata,  intercalated  with  basaltic  lava  flows,  these  ash  beds  them- 
selves have  no  internal  lamination,  efxcept  in  a  few  rare  instances  in 
which  they  are  chiefly  composed  of  bole,  and  may  have  been  formed  in  the 
small  pools  of  fresh  water  so  common  in  volcanic  areas.  Above  all,  not  a 
trace  of  a  marine  organjspi  has  ever  been  found  in  any  ash  bed,  or  in  any 
rock  intercalated  with  the  traps,  except  in  the  intertrappean  and  iufratrap- 
pean  formations   of  Rajimahendri,  where   the  lava  has    evidently    been 


>  "Voyage  dans  Tlnde/U^i  Paris,  1841,  III, 
504,  etc. 
*  "  Report  of  the  Proceedings  of  the  Oflicers 


engaged  in  (he  Magnetic  Survey  cf  Icdis,*' 
No.  I,  p.  6.— Reisen  m  Indien  imd  Hochasien. 
Vol.  I,  p.  I4t,  (f869). 
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poured  out  on  the  coast.  It  may  be  thought  that  the  prevalt^nce  of 
volcanic  conditions  would  destroy  all  life  in  the  sea,  and  thus  the  absence 
of  marine  fossils  in  the  (raps  may  be  explained,  but  even  if  this  view  were 
conceded,  and  it  is  entirely  opposed  to  all  that  is  known  of  recent 
submarine  volcanic  action,  there  must  have  been  a  great  destruction  of 
Iif«  at  the  commencement  of  the  volcanic  epoch,  and  some  traces  oE  the 
animals  destroyed  should  have  been  preserved. 

The  evidence  afforded  by  the  characters  of  the  traps  and  the  absence  cf 

marine   fossils   is,  therefore,  opposed  to  the  hypothesis  of  a   submarine 

origin,  and  the  relations  of  the  lowest  lava  flows  to  the  underlying  rocks 

are    strongly  antagonistic  to  the  idea  tliat  the  volcanic  outbursts   were 

subaqueous.     The  surface  of  the  older  rocks  upon  which  the   traps  rest  Is 

■n   many  parts  extremely  uneven,  the  basalt   filling  great  valleys,  some- 

tinnes  as  much  as   1,000  feet  in  depth,  whose  form  shows  that  they  were 

excavated  by  subaerial  erosion.     Admirable  examples  are  seen  between 

Blaopil  and  Ho«hangdbdd,  where  the  Deccan  traps  rest  upon  an  extremely 

^'"^ven  surface  of  Vindhyan  rocks.'     It  is  true  that  this  uneven  surface 

■flight  have  been  formed  above  the  sea  and  then  depressed  beneath  the 

^^Ater,  but  in  that  case  we  should  expect  to  find  aqueous  deposits  of  con- 

»i<Jerable  thickness  at  the  base  of  the  volcanic  rocks,  as  periods  of  depres- 

»>on  are  always  favourable  for  the  accumulation  of  sediment.     It  is  pre- 

*^>SeIy  in  this  uneven  ground  that  no  deposits  whatever  are  found  at  the 

"^se  of  the  traps  and  the  general  absence  of   any   infratrappean   deposit 

**as    been  noticed  in  tJie  south  Marithi  country,  where  also  the  surface 

**pon  which  the  traps  rest  is  very  irregular. 

^'here  the  underlying  formation  consists  of  the  cretaceous  B&gU  beds, 
these  are,  as  a  rule,  apparently  conformable  to  the  volcanic  series,  and  it 
""^'ght  be  thought  that  in  this  tract  of  country  the  traps  were  submarine. 
"ut  every  here  and  there  a  spot  is  found  where  the  cretaceous  rocks  are 
^''^anting,  and  where  the  level  of  the  infratrappean  surface  shows  that 
*n*^ir  absence  is  due  to  denudation*  In  some  cases  where  the  Bigh  beds 
^i^c  not  more  than  30  or  40  feet  thick,  the  denudation  which  has  removed 
*"eni  has  only  extended  over  a  small  area,  and  has  scarcely  affected  the 
harder  rocks  beneath,  and  from  the  small  area,  often  only  a  few  yards  wide> 
^^cr  which  the  cretaceous  rocks  have  been  removed,  it  is  evident  that 
*■*«  denuding  agent  was  subaerial  erosion.  It  has  also  been  ascertained 
*"at  the  Bigh  beds  had  been  locally  disturbed  to  a  small  extent,  besides 
''aving  suffered  from  denudation,  before  the  commencement  of  the 
*'*>*canic  outbursts. 

1— astly,  the  circumstance  that,  with  the  single  exception  of  the  estuarine 
'otertrappean  band  of  Kdjjmahendri,  every  fossiliferous  sedimentary  bed 

'  ■"•■«<",  VI,  240,  a4J,etc,<i867).  I      *  Uemoir*,   VI,   an,  3a>.  3»3.  "te.,  (1867). 
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intercalated  with  the  Deccan  traps  is  unmistakably  of  fresh  water  origin 
is  a  conclusive  proof  that  all  those  lava  flows  which  are  associated  with 
such  sedimentary  beds  are  not  submarine.  We  have  thus  not  only  a 
complete  absence  of  all  proof  of  submarine  origin,^  but  clear  and 
unmistakable  evidence  that  the  traps  were  in  great  part  of  subaerial 
formation. 

Another  favourite  idea  with  many  writers,  and  especially  with  Mr.  Hislop 
and  Dr  Carter,  has  been  that  the  lower  traps  were  poured  out  in  a  vast,  but 
shallow,  fresh  water  lake  extending  throughout  the  area  over  which  the 
*  intertrappean  limestone  formation  *   extends.*     This  hypothesis  involves 
the  existence  of  a  lake  of  enormous  size,  several  hundreds  of  miles  in  length 
and  breadth,  but  shallow  throughout.     It  appears  more  probable  that  the 
lakes  in  which  the  Lameti  group  and  the  intertrappean  beds  were  de- 
posited    were  of  moderate  size,  and  that  they  were  formed  by  unequal 
elevation  of  different  parts  of  the  area,  prior  to  the  volcanic  outbursts,  or 
by  the  obstruction  of  the  drainage  of  the  country  by  lava  flows.     The 
lake  or  lakes  in  which  the  Lametd  beds  were  formed  may  have  been  more 
extensive,  but  it  has  already  been  shown  that  single  sedimentary  bands 
intercalated  in  the  traps,  can  rarely  be  traced  for  more  than  three  or  four 
miles,  and  the  character  of  the  fauna,  in  the    intertrappean  formations, 
both  of  Central  India  and  of  Bombay,  is  in  favour  of  the  animals  of  which 
the  remains  are  found  having  inhabited  shallow  marshes  rather  than  deep 
lakes. 


I  It  may  appear  to  many  geologists  that  an 
unnecessary  amount  of  space  and  argument 
has  been  devoted  to  proving  a  very  clear  pro- 
po»ition,  vtM.  that  the  Deccan  traps  are 
subaerial.  The  reason  for  giving  the  arguments 
at  length  is  that  a  different  view  has  been 
expressed  by  man}  geologists.  A  reference 
to  the  QuarL  your.  Ceol.  Soc,,  XXX,  225, 
(1874),  will  show  that  the  arguments  used  by 
Professor  Judd  to  prove  the  subaerial  origin  of 
the  volcanic  rocks  in  the  west  of  Scotland  and 
north  of  Ireland,  are  precisely  the  same  in 
many  cases  as  those  mentioned  above.  These 
views  had  been  urged  in  the  case  of  the  Indian 
rocks  {A^emoirs  VI,  145)  some  yeais  before  the 
publication  of  Professor  Judd's  papers. 
'  By  both  the  writers  named  the  intertrappean 
beds  of  Bombay  were  supposed  to  be  iden- 
tical with  those  of  Central  India,  and  both 
were  under  the  impression  that  there  was  but 
a  solitary  fresh  water  bed  which  was  deposit- 
ed before  any  volcanic  outbursts  took  place, 
which  was  then  covered  up  by  lava  flows,  and 
finally  separated  from   the  underlying   rocks 


and  broken  up  by  a  great  sheet  of  intrusive 
basalt  injected  beneath  it. 

The  geoloj^isls  named  would  doubtless  have 
modified  their  views  had  they  been  acquainted 
with  all  the  facts  now  ascertained  with  regard 
to  the  Deccan  traps  and  the  associated  sedi- 
mentary beds.  The  conception  of  a  great 
sheet  of  intrusive  basalt  so  injected  between 
two  formations  that  it  always  overlies  the 
one  and  underlies  the  other,  over  an  area  of 
thousands  of  square  miles,  is  quite  untenable. 
It  is  a  physical  impossibility  that  an  immense 
dyke  should  be  injected  horizontally  for  hun- 
dreds of  miles  instead  of  breaking  through  to 
the  surface.  Moreover,  the  fact  that  successive 
sedimentary  beds,  as  \n  the  case  at  Mekalgandi 
Ghdt,  mentioned  on  page  267,  are  often  of 
different  mineral  composition,  and  the  very  fre- 
quent instances  in  which  the  upper  surface  of  a 
sedimentary  band  is  altered,  whilst  the  lower 
is  unchanged,  prove  that  both  lava  flows  and 
sedimentary  intertrappean  beds  were  regu- 
larly and  successively  formed,  one  abjve  ihe 

ether,  as  they  now  occur. 
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We  are  thus  thrown  back  upon  our  original  difficulty,  the  horizontality 
of  the  Deccan  traps.  It  has  been  shown  that  this  is  not  due  to  a  sub- 
aqueous origin,  whether  marine  or  fresh  water.  At  the  same  time  the 
phenomenon  cannot  be  said  to  have  been  thoroughly  explained,  because 
no  such  formation  is  known  to  be  in  process  of  accumulation  at  the 
present  day.  Many  such  mass?s  of  horizontal  stratified  traps  are,  how- 
ever, found  in  various  parts  of  the  world,  and  though  it  is  impossible, 
for  want  of  recent  examples,  to  demonstrate  the  circumstances  which  cause 
their  formation  in  place  of  volcanic  cones,  there  is  abundant  evidence  that 
such  traps  were  a  common  form  of  volcanic  accumulation  in  past  times, 
and  that  similar  stratified  lava  flows  were  not  confined  to  any  particular 
epoch,  although  several  instances  are  known  of  about  the  same  geological 
age  as  that  attributed  to  the  Deccan  outbursts. 

Assuming,  therefore,  as  we  are  justified  in  doing,  that  the  horizontal 
dolerites  bf  western  and  central  India  precisely  resemble  modern  lavas 
in  everything  except  their  horizontality  and  the  extent  of  area  which  they 
have  covered,  it  remains  to  be  seen  what  evidence  there  is  of  the  sources 
from  which  this  enormous  accumulation  of  molten  materials  was  poured 
out  The  original  cones  and  craters,  if  any  ever  existed,  must  have  been 
the  first  portion  of  the  volcanic  area  to  suffer  from  denudation,  and  it  is 
easy  to  conceive  that  subaerial  erosion,  from  eocene  times  to  the  present, 
would  have  more  than  sufficed  to  remove  every  trace  of  the  loose  material 
of  which  volcanoes  are  chiefly  composed.  Still,  it  is  surprising  that  the 
inclined  beds  forming  the  slopes  of  a  volcanic  cone  should,  in  no  single  case 
which  has  been  recognised,  have  been  preserved  by  being  encased  in 
subsequent  outbursts  cf  harder  materials.  Possibly  the  tendency  of  great 
/ava  streams  to  sweep  away  all  loose  volcanic  materials  may  suffice,  in 
those  cases  in  which  large  quantities  of  lava  are  poured  out,  to  prevent 
Volcanic  cones  from  forming. 

When,  however,  we  look  for  other  evidence  of  the  neighbourhood  of 
igneous  outbursts,  we  find  dykes  and  irregular  intrusions  abundant  in 
Some  localities,  rare  or  absent  in  others,  whilst  the  presence  of  volcanic 
a.sh  throughout  a  large  portion  of  the  trap  area  has  already  been  noticed. 
T"he  ash  beds,  especially  when,  as  usually  happens,  they  form  a  coarse 
Volcanic  breccia,  containing  blocks  several  inches  in  diameter,  cannot 
t^ave  accumulated  far  from  volcanic  vents,  although  they  may  have  been 
transported  to  a  much  greater  distance  floating  on  the  surface  of  molten 
lava  than  they  could  have  been  ejected  from  the  volcano. 

A  much  closer  examination  of  the  Deccan  area  than  has  hitherto  been 

practicable  will  be  requisite  before  the  distribution  of  dykes  and  ash  beds 

can  be  considered  as  even  approximately  known.     So  far  as  the  country 

has  hitherto  been  examined,  both  appear  to  prevail  much  more  largely  in 

the  region  near  the  coast,  from  Mahibaleshwar  to  the  neighbourhood  of 

U  2 
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Baroda,  than  in  other  parts  of  the  trap  area.  It  is,  of  conrse,  very  often 
difficult  to  recognise  dykes  amongst  rocks  of  precisely  similar  mineral 
character,  much  closer  search  being  needed  than  is  requisite  in  order  to 
detect  volcanic  intrusions  amongst  sedimentary 'formations.  It  is  only 
where  dykes  are  large  and  numerous  that  attention  is  likely  to  be  directed 
to  them. 

There  is  one  tract  of  country  in  which  dykes  are  peculiarly  large  and 
abundant.  This  is  in  the  R^jpipla  hills,  north-west  of  Surat.  In  this 
country,  over  a  considerable  area,  very  large,  parallel,  or  nearly  parallel, 
basalt  dykes  are  found,  sometimes  not  more  than  two  or  three  hundred  yards 
apart)  the  general  direction  being  east  by  north  to  west  by  south.  The 
traps  are  much  disturbed,  and  frequently  dip  at  considerable  angles. 

To  the  southward  of  the  TSpti,  along  the  line  of  the  Sahyadri,  and  its 
neighbourhood,  in  western  Khindesh,  the  northern  Konkan,  and  the 
intervening  small  native  states,  a  tract  whose  geology  is  unknown, 
it  is  probable  that  dykes  may  continue  numerous  for  a  considerable 
distance,  as  their  number  and  size  in  the  Konkan,  north-east  of  Bombay, 
are  especially  noticed  by  Mr.  G.  T.  Clark,^  but  intrusions  are  far  from 
abundant  in  the  lava  flows  exposed  in  the  higher  country  east  of  the  Gh^ts. 
At  the  same  time  the  frequent  occurrence  of  ash  beds  in  the  higher 
traps  around  Poona  and  Mahibaleshwar  sufficiently  attests  the  neighbour- 
hood of  the  old  volcanic  vents.* 

North  of  the  Rdjpipla  bills  and  of  the  river  Narbadi,  and  west  of 
Baroda,  trap  dykes  are  not  so  common  as  in  the  Rijpipla  hills,  but  in- 
trusive masses  occur.  One  of  these,  forming  Matapenai  or  Karali  hill, 
about  14  miles  south-west  of  Chhota  Udaipur,  is  a  mass  of  grey  trachyte 
or  fcrachy-dolerite,  containing  enormous  masses  of  granite,  evidently 
derived  from  the  metamorphic  rocks  through  which  the  mass,  when 
molten,  passed  on  its  way  to  the  surface.  The  silicious  character  of  the 
intrusion  in  this,  and  some  other  cases,  is  perhaps  due  to  the  fusion  of 
quartzose  metamorphic  rock  in  the  basic  dolerite.  Another  trachytic  core 
was  noticed  near  the  village  of  Padwani,  18  miles  east  of  Broach.  The 
occurrence  of  fragments  derived  from  the  metamorphic  rocks  in  intrusive 
dykes  is  by  no  means  an  uncommon  occurrence. 

It  is  only  natural  that  far  better  evidence  of  volcanic  foci  is  to  be 


»  Quart  your.  Geol.  Soc.  XXV,  164,  (1869). 

'  Mr.  Clark  has  described  what  he  regards  as 
a  series  of  vents  along  the  course  of  the  Barwi 
river  above  Kalydn.  They  are  said  to  be  crater- 
like hiltocks;  in  whose  neighbourhood  the  traps 
lie  in  small  streamlets,  crossing  and  overlap- 
ping one  another.  These  supposed  vents  lie 
along  the  region  where  the  traps  have  under- 
gone a  maximum  of  denudation,  believed  by 
Mr.  Clark  to  be    due  to    the   less    degree  of 


homogeneity  of  the  accumulations  in  the 
neighbourhood  of  the  foci,  as  compared  with 
the  more  evenly  bedded  traps  and  ashes  at  a 
distance  ;  Records,  XIII,  69,  (1880).  The  only 
reason  for  doubting;  those  conclusions  is  the 
peculiar  form  assigned  to  the  hillccks;  as  a 
rule,  the  material  filling  the  neck  ot  an  old 
volcano  is  harder  than  the  surrounding  stuff, 
and  would  not  form  a  hollow  surrounded  by 
a  ridge,  but  stand  out  as  a  solid  mass. 
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found  outside  the  trap  area,  or  in  the  inliers  of  older  sedimentary  rocks, 
than  amongst  the  lava  flows  themselves,  and  it  may  therefore  be  useful 
lo  point  out  very  briefly  the  distribution  of  such  intrusive  masses  so  far 
as  the  country  is  known.  Commencing  to  the  north-west,  no  trap  dykes 
have  been  found  in  Sind,  where,  however,  the  deposits  of  older  date  than 
eocene  cover  an  exceedingly  small  area.  In  Cutch  intrusive  masses  of 
basalt  and  dykes  of  large  size  abound  throughout  the  Jurassic  rocks,  and 
some  of  the  former  rise  into  hills  of  considerable  size.^  In  Kdthiiw^r  the 
GirnAr  hill  is  said  to  be  formed  of  the  dioritic  core  of  an  ancient  volcano, 
and  intrusions  are  abundant  throughout  this  district.  Throughout  the 
northern  edge  of  the  trap  country  in  Rijputina,  Gwalior,  and  Bundelkhand, 
dykes  are  rare  or  wanting,  but  they  abound  in  some  of  the  areas  of  older 
rocks  exposed  in  the  Narbadi  valley,  and  they  are  especially  common  in 
the  Gondwina  tract,  south  of  the  river,  in  the  neighbourhood  of  the 
Mahideva  hills.  Farther  to  the  eastward  they  are  less  numerous,  but  some 
occur  .throughout  the  upper  Son  valley,  and  they  gradually  die  out  in 
Sarguja  and  Palimau,  only  200  miles  west  of  the  ground  in  which  the  older 
lava  flows  of  Rijmahil  age  are  seen,  and  within  less  than  100  miles  of 
the  Gondwana  basins  in  the  upper  Dimodar  valley,  which  are  traversed  by 
basalt  dykes,  probably  of  the  same  age  as  the  Rijmahil  traps.  Passing 
southwards  from  Jabalpur  and  Mandli  however,  there  is  a  total  absence  of 
volcanic  intrusions  amongst  the  Vindhyan  and  Gondwana  formations  of 
Ndgpurand  Chdndi,  and  none  have  as  yet  been  noticed  in  the  neighbour- 
hood of  the  Prdnhita  and  Godivari  between  Chindi  and  Rijimahendri. 
The  country  south  of  the  Godivari  and  north-west  of  Haideribdd  is 
still  imperfectly  known,  but  in  the  south  Mardthi  country,  and  the 
Konkan  near  Vengurla,  the  few  dykes  which  have  been  observed  travers- 
ing the  unmetamorphosed  azoic  strata  are  but  doubtfully  connected 
with  the  Deccan  traps.  Ashes,  moreover,  are  much  less  abundant  in  this 
region,  amongst  the  Deccan  flows,  than  they  are  further  north. 

We  have  thus  abundance  of  evidence  of  the  former  existence  of 
volcanic  foci  in  Cutch,  the  Rijpipla  hills,  and  the  lower  Narbada  valley, 
and  probably  in  the  neighbourhood  of  the  Sahyidri  range  east  and  north- 
north-east  of  Bombay,  whilst  there  is  every  probability  that  vents  ex- 
tended to  the  eastward  as  far  as  south  Revvi  and  Sarguja,  but  there 
is  no  evidence  of  any  having  existed  in  the  Ndgpur  country  or  to  the 
^outh-east.  Yet,  as  the  traps  are  found  represented  at  Rijimahendri,  it 
appears  probable  that  they  once  extended  over  all  the  Godivari  valley, 
though  it  is  quite  possible  that  the  Rijimahendri  outlier  may  have  been 
originally  isolated  and  derived  from  a  centre  which  has  not  been  dis- 
<;overed. 

'  One   of  these,  called  Denodhar,  was   de-  numerous  geological  works.     The  hill  is  very 

scribed  originally  as  a  volcano,  Geol.  Trans.,  2nd  probably  the  basaltic  core  of  a  pre-nummulitic 

series,  V,  315,  (1840).  and  the  statement  that  volcano.     Its  crateriform  appearance  is  due  to 

it  is  an  extinct  crater  has  been  repeated  in  denudation. 
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It  is,  however,  very  clear  that  the  lava  flows  must  have  extended  to  an 
enormous  distance  from  the  vents  through  which  the  molten  material  was 
poured  out.  Trap  dykes  are  rarely  solitary ;  they  are  generally  abundant 
in  the  neighbourhood  of  volcanic  foci,  and  the  country  in  the  neighbourhood 
of  Nigpurand  Chdndd  has  been  examined  so  closely  that  the  improbability 
of  any  intrusions  of  igneous  rock  having  been  overlooked  is  much  greater 
than  in  most  parts  of  the  country.  It  is  known  that  the  comparatively 
moderate  outbursts  from  existing  volcanoes  flow  to  great  distances  from 
their  source,  while  the  occurrence  of  the  Deccan  traps  in  immense  horizontal 
sheets  of  but  slight  thickness,  but  of  great  horizontal  extension,  shows  that 
they  must  have  been  extremely  fluid  when  poured  out,  and  it  is  diflicult 
to  form  an  accurate  idea  of  the  distances  to  which  they  may  have  flowed 
before  consolidating.  Further  observations  are  necessary  before  all  the 
sources  of  the  great  volcanic  series  of  Western  India  can  be  said  to  have 
been  even  approximately  determined.* 


The  question  of  the  geological  age  to  be  assigned  to  the  Deccan  vol- 
canic outbursts  has  been  left  to  the  last,  because  it  was  desirable  to 
precede  it  by  a  full  statement  of  all  the  facts  upon  which  a  conclusion  may 
be  founded.  The  evidence  to  be  recapitulated  is  twofold,  that  founded  on 
the  affinities  of  the  fossils  found  in  the  various  intertrappean  rocks,  and 
that  derived  from  the  relations  of  the  stratified  traps  to  beds  above  and 
below  them.  It  is,  of  course,  clear  that  the  traps  rest  upon  cretaceous 
beds  and  are  overlaid  by  nummultitics,  and  the  only  question  is  whether 
the  lava  flows  are  cretaceous  or  eocene. 

The  most  important  clue  to  the  correlation  of  the  volcanic  rocks  with 
the  known  series  of  fossiliferous  deposits  might  be  expected  to  be  obtained 
from  the  marine  beds  associated  with  the  volcanic  formations  at  Raja- 
mahendri.  This,  however,  as  has  been  already  shown  in  the  description  of 
the  sedimentary  beds,  proves  of  little  service.  So  far  as  is  hitherto 
known^  the  relations  of  both  the  infratrappean  and  intertrappean  faunas 
are  with  the  cretaceous  rather  than  with  the  tertiary  beds,  but  the  points 
of  connection,  in  the  latter  case  especially,  are  quite  insufficient  to  decide 
the  affinity  of  the  formations. 

Turning  to  the  fresh  water  fauna  of  the  intertrappean  beds,  the  question 
arises,  as  in  the  case  of  the  Gondwinas,  of  the  amount  of  dependence  to  be 
placed  upon  terrestrial  animals  and  plants  as  a  guide  to  geological  age.  In 
the   case   of  the   Gondwina   formations   it   has   been  shown   that    forms 


»  Sir  A.  Geikie  {Nature,  4th  Nov.  1880)  has 
suggested  that  the  Deccan  traps,  like  the  great 
lava  flows  of  the  Pacific  slopes  of  North  Ame- 
rica, wete  poured  out  from  fissures, and  not  from 


volcanic  cones.  This  would,  to  a  great  extent, 
account  for  the  horizontality  of  the  traps,  but 
the  ash  beds  must  have  been  thrown  out  from 
vents,  round  which  cones  would  accumulate. 
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characteristic  of  particular  epochs  in  Europe  occur,  in  a  very  different  posi- 
tion, in  the  geological  sequence  in  India,  and  it  is,  therefore,  necessary  to  be 
cautious  in  accepting  conclusions  founded  upon  slight  evidence.  There  is  a 
very  marked  similarity  between  some  of  the  fresh  water  mollusca  of  the 
Deccan  intertrappeans  and  species  found  in  some  beds  of  plastic  clay  age 
(lower  eocene)  occurring  at  Rilly-la-Montaigne   in  northern  France,^  one 
species,  Physa  gigantea^  from  the  latter  locality  being  considered  by  some 
palaeontologists  identical   with   the  Indian   P,  prinsepii.      This  identifi- 
cation is,  however,  to  say  the  least,  extremely  doubtful,  and  the  fauna  of 
the  Rilly  beds  appears  more  recent  than  that  of  the  Deccan  intertrappeans. 
Other  resemblances  between  the  plants  and  fish  of  the  intertrappean  beds 
and  those  of  the  London  clay  have  also  been  indicated,  and  a  Physa^  said 
to  be  allied  to  P.  prinsepit,  has  been  found  in  the  nummulitic  rocks  of  the 
Himalayas,  but  even  the  generic  identification  in  the  latter  case   is   far 
from  certain.' 

This  evidence  only  suffices  at  the  most  to  show  an  approximation 
between  the  age  of  the  Deccan  trap  and  the  lower  eocene,  and  is  quite 
insufficient  to  prove  whether  the  former  should  be  classed  as  upper- 
most secondary  or  lowest  tertiary.  But  the  closest  relationship  of  the 
intertrappean  fauna  is  with  that  of  the  Laramie  group  in  North  Ame- 
rica. According  to  Dr.  Neumayr*  the  following  specie3  are  very  closely 
allied,  if  not  identical  :— 


Intertrappean. 

Physa  prinsepii     •         .         • 
,.  „         var.  elongata . 

Acella  attenuata   •         • 
Palttdina  virapai  •         • 

Unto  carieri     •     • 


Corbicula  ingens 


Laramie. 

P.  cope*. 

P,  disjuncta. 

A.  haldemani, 

Hydrohia  anihonyi. 

fU*  gonionotus. 
N,  gonioumbonaius. 

C.  cleburni. 


The  Laramie  group  is  regarded  as  intermediate  in  age  between  the 
c:retaceous  and  eocene — an  age  which  would  harmonise  the  conflicting 
alliances  of  the  fauna  of  the  inter  and  infra  trappean  beds  near  Rij^- 
snahendri. 

The  relations  between  the  traps  and  the  underlying  cretaceous  beds  of 
the  lower  Narbadi  valley  have  been  already  described.  There  is  a  general, 
though  slight  unconformity,  due  to  subaerial  denudation  of  the  underlying 
beds.     In  a  very  few  localities  the   latter  appear  to  have  been  disturbed 

'  Mem.  Soe,  Ceol.  de  France,  and  series, 
III,  365,  (1848).  The  genera  found  at  Rilly-la- 
Montaigne  are  Cyclas ,  AncyluSf  Vitrina^  Helix ^ 
Pupa^  Clausilia,  Megaspira^  BulimuSj  Achatina, 
Auricula^  Cyclostoma^  Paiudinaf  Physa  ^ 
Valw^m.    The  majority  of  these  genera  are 


terrestrial  forms. 

'  D'Archiac  and  Haime,  Description  des 
animaux  Fossiles  du  groupe  nummulitique  de 
I'Inde,  Paris,  1853,  p.  277. 

»  Neu,  Jahrb,  Min.  Geol.,  1884,  Bd.  I,  p.  74; 
Records,  XVII,  87,  (188  ). 
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before  the  formation  of  the  lowest  traps.  Betfi'een  the  highest  volcanic 
beds  and  the  nummulitic  rocks  of  Surat  and  Broach  the  break  appears  to 
be  much  greater ;  not  only  do  the  tertiary  rocks  rest  upon  a  largely  denuded 
surface  of  the  traps,  but  they  are  in  a  great  measure  composed  of  materials 
derived  from  the  disintegration  of  the  lava  flows,  the  lowest  tertiary  beds 
being  frequently  coarse  conglomerates  of  rolled  basalt  fragments,  whilst 
beds^  hundreds  of  feet  in  thickness,  are  chiefly  composed  of  agates 
derived  from  the  traps.  This,  however,  although  it  proves  that  great 
denudation  of  the  volcanic  rocks  took  place  during  the  deposition  of 
the  nummulitic  formations,  does  not  necessarily  imply  a  great  break  and 
an  interval  of  disturbance  prior  to  the  commencement  of  the  tertiary  epoch, 
because  the  traps,  being  of  subaerial  origin,  were,  unlike  most  sedimentary 
rocks,  subject  to  erosion  from  the  period  of  their  formation.  In  this  case^ 
however,  the  unconformity  is  distinctly  marked,  and  appears  to  show  a 
great  break  in  the  sequence.  The  lowest  tertiary  beds  near  Surat  contain 
fossils  which  appear  to  be  a  mixture  of  middle  and  lower  eocene  forms 
(Kirthar  and  Rinikot). 

Farther  to  the  westward,  in  Cutch,  the  rocks  at  the  base  of  the  tertiary 
group  resting  upon  the  trap  are  locally  conformable,  and  they  have  even 
been  considered  ^  to  be  partially  volcanic,  but,  as  will  be  shown  in  the  next 
chapter,  there  can  be  no  doubt  that  a  break,   marked  by  unconformity, 
exists  between  the  two  series.     It  appears  most  probable,  too,  that  the 
lowest  tertiary  beds  are   really  composed   of   detritus  derived    from  the 
volcanic  rocks,  as  all  appear  to  be  of  sedimentary  origin,  and  no  instance 
has  been  noticed  of  intercalation  with  the  lava  flows.     The  great  difficulty 
of  distinguishing  between  volcanic  ash  and  the  detritus  of  igneous  rocks 
when  mixed  with  ordinary  sediments,  especially  where  the  rocks  are  much 
decomposed,  as  in  Cutch,    is  too  well  known  to  require  comment     The 
beds  immediately  resting  upon  the  traps  are  of  older  date  than  the  num- 
mulitic   limestone.     The   trap    rests   unconformably    on   neocomian   and 
Jurassic  beds. 

In  Sind  the  very  thin  representatives  of  the  Deccan  traps  may,  of  course, 
only  represent  a  small  portion  of  the  period  during  which  the  volcanic 
rocks  were  in  process  of  accumulation  further  to  the  eastward.  One  band 
rests  conformably  upon  beds  which,  according  to  the  most  recent  palaeon- 
tological  investigations,  are  intermediate  in  age  between  the  cretaceous 
and  lower  eocene,  whilst  a  second  bed  of  trap  is  found  about  700  feet 
lower,  interstratified  with  sandstones. 

It  will  be  seen,  therefore,  that  whilst  it  is  clear  that  the  Deccan  traps 
were  poured  out  in  the  interval  between  middle  cretaceous  and  middle 
eocene,  the  evidence  tends  to  show  that  the  lowest  volcanic  outbursts 
were  at  the  oldest  of  uppermost  cretaceous  age.     That  an  immense  period 

>  Wynne,  Memoirs,  IX,  66,  (1872). 
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of  time  was  occupied  by  the  accumulation  of  the  successive  volcanic  out- 
bursts is  manifest ;  long  intervals  must  have  elapsed  between  successive 
flows  in  all  those  cases  in  which  fossiliferous  sedimentary  beds  are  inter- 
calated, for  these  intervals  were  sufficient  to  enable  lakes  to  be  formed 
and  stocked  with  life,  and  in  other  cases  for  rivers  to  cut  beds  in  the  lava 
flows,  and  to  fill  up  those  beds  with  gravel  and  sand. 


Recapitulating  the  whole  evidence,  so  far  as  it  is  presented  to  us  by 
the    observations   hitherto   made,    we  find   that  in    times  subsequent   to 
middle  cretaceous,  a  great  area  of  the  Indian  Peninsula  formed  part  of  a 
land    surface,    very   uneven  and  broken    in   parts,  but  to   the    eastward 
apparently  chiefly  composed  of  extensive  plains,  which,  by  some  slight 
changes  of  level  preceding  the  volcanic  period,  were  converted  into  lakes. 
There   is  much  probability  that  springs  charged  with  silica  were  common 
either  at  this   epoch   or   shortly  after.     The   lakes  had  apparently  been 
drained,  and  the  deposits,  which  had  accumulated   in   them,  had  locally 
been  subject  to  denudation  before  the  first  outbursts  of  lava  took  place. 
These  occurred  at  considerable  intervals,  small  and  very  shallow  lakes  or 
marshes  being  formed  in  the  meantime  by  the  interruptions  to  the  drain- 
age produced  by  lava  flows,  or  by  changes  of  level  accompanying  the  volca- 
nic eruptions.     In  these  lakes  a  rich   fauna  of  fish,  mollusca,  entomostra- 
cous  Crustacea  and  water  plants  existed,  whilst  a  varied  and  probably  a 
rich  vegetation  occupied  the  surrounding  country.     There  is  evidence  of 
the   existence  of  insects  and  of  reptiles,  whether  terrestrial  or  aquatic  has 
not  been  determined,  but  hitherto  no  remains  of  mammals  or  birds  have 
been  found — a  circumstance  which  by  no  means  proves  that  they  did  not 
exist.     Fresh  flows  of  lava  filled  up  the  first  lakes,  and  covered  over  the 
sedimentary   deposits   which   had   accumulated   in   the  waters,  but  these 
Very  flows,  by  damming  up  other  lines  of  drainage,  produced   fresh  lakes, 
So  that  several  alterations  of  lava  and  sedimentary  beds  were  produced  in 
places.     Gradually  the  lakes  seem  to  have  disappeared,  whether  the  lava 
flows    succeeded   each   other   so   rapidly   that   there   was  no  time  for  the 
^accumulation  of  sediment  in  the  interval,  or  whether,  as  is  more  probable, 
tihe    surface   had    been    converted   into   a   uniform    plain  of  basalt  by  the 
Enormous  lava  streams  which  had  been  poured  out  it  is  difficult  to  say, 
Vr^ut    no  further  traces  of  life  have  hitherto  been  found  until  towards  the 
^:rlose  of  the  volcanic  epoch.     It  is  possible  that  at  the  end,  as  at  the  com- 
^^encement,  of  the  period,  the  intervals  between  eruptions  became  longer, 
^nd  the  animal  and  vegetable  life,   which  may  have  been  seriously  dimi- 
nished or  altogether  driven  out  of  the  country  during  the  rule  of  igneous 
^ronditions,  resumed  its  old  position,  but  a  great  change  had  taken  place  in 
%he  long  interval,  the  old  lacustrine  fauna  had  died  out,  and  the  animals 
^nd   plants  which  now  appeared  in  the  country  seem  to  have  differed  from 
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those  which  had  formerly  occupied  it.  Lastly,  in  the  north-western  por- 
tion of  the  area,  parts  of  the  volcanic  country  were  depressed  beneath 
the  sea,  and  marine  tertiary  deposits  began  to  be  formed  from  the 
detritus  of  the  extinct  volcanoes  and  their  products.  A  great  tract  of  the 
volcanic  region,  however,  appears  to  have  remained  almost  undisturbed 
to  the  present  day,  affected  by  subaerial  erosion  alone  and  never  de- 
pressed beneath  the  sea  level  though  probably  for  a  time  at  a  lower 
elevation  than  at  present. 


CHAPTER  XIl. 

CRETACEOUS   ROCKS  OF  THE   EXTRA-PENINSULAR  AREA. 

Absence  of  break  between  the  cretaceous  and  tertiary-* Isolated  exposures  of  lower  cretAceous 
beds — Cretaceous  rocks  of  Sind  and  neighbouring  areas—Suliimdn  range— Afgh&nistin-^ 
Himalayas— Assam — Bur ma~ Doubtfully  cretaceous  beds  of  Tenasserim. 

We  have  already  seen  that  the  great  distinction  between  the  palaeozoic 
and  mesozoic  of  Europe  does  not  hold  good  in  India,  and  that  the  inter- 
val is  bridged  by  rock  systems  which  include  beds  both  of  older  meso* 
zoic  and  newer  palaeozoic  age.  In  the  last  chapter  we  saw  that  the 
interval  between  mesozoic  and  cainozoic  is  similarly  bridged,  in  the 
Indian  Peninsula,  by  the  Deccan  traps,  and  we  will  now  find  that  in  extra- 
peninsular  India,  in  Sind  and  Baluchistin  on  the  west|  as  in  Assam  on  the 
cast,  it  is  similarly  impossible  to  separate  the  secondary  and  tertiary 
eras,  on  any  but  purely  palaeontological  grounds,  as  they  are  connected  by 
a  continuous  series  of  deposits  ranging  from  cretaceous  to  tertiary,  which* 
in  the  intervening  country,  is  not  only  carried  through  the  tertiary  epoch, 
but  is  extended  into  recent  times. 

It  is  not  meant  by  this  that  there  is  on  any  one  section  a  complete  and 
conformable  sequence  extending  from  cretaceous  to  recent.  The  sections 
indeed  are  all  imperfect,  and  unconformable  breaks  are  found  in  all,  but  the 
unconformity  of  one  section  is  bridged  by  a  continuous  series  of  deposits  on 
another,  and  there  is  no  widespread,  universal  break  which  would  give  a 
natural  line  of  demarcation  for  the  separation  of  the  rocks  below  from 
those  above  them.  In  many  ways  it  would,  consequently,  be  more  natural 
to  group  the  cretaceous  and  tertiary  beds  together  for  descriptive  pur- 
poses, but  this  would  necessitate  a  system  of  description  that  would 
obscure  some  important  relations  between  the  tertiary  and  especially  the 
upper  tertiary  beds  of  widely  separated  areas,  and  it  will  be  best  to  take 
advantage  of  the  recognised  division  between  tertiary  and  secondary,  and 
confine  our  attention  for  the  present  to  the  cretaceous  rocks. 

Before  proceeding  to  the  description  of  the  more  important  and  com- 
plete exposures  it  will  be  well  to  notice  some  isolated  occurrences  of  lower 
cretaceous  beds. 

In  Cutch  there  is  a  thin  bed  of  ferruginous  oolitic  rock  which  occurs  at 
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the  base  of  the  Deccan  traps  forming  Ukra  the  hill,  seven  miles  south-east 
of  Lakhpat  in  north-western  Cutch,  and  rests  upon  beds  of  the  Umia  group. 
The  outcrop  is  very  ill  seen,  and  nothing  has  been  definitely  ascertained  as 
to  the  degree  of  conformity  between  the  cretaceous  bed  and  the  underlying 
formation,  but  there  appears  to  be  no  marked  contrast  between  them.* 

The  following  three  Cephalopoda  have  been  obtained  from  this  locality, 
Ammonites  martini^  A.  deshayesi^  Crioceras  australe.  The  two  former 
of  these  occur  in  the  lower  greensand  (Neocomian)  of  Europe,  and  are  most 
characteristic  of  the  upper  portion  ;  the  third  has  been  found  in  cretaceous 
beds  of  Australia,  whose  exact  horizon  is  not  known. 

In  the  Chichelli  pass,  in  the  trans-Indus  continuation  of  the  Salt  range, 
the  Jurassic  beds  are  conformably  overlaid  by  a  band  of  tough  black  sandy 
clay,  full  of  Belemnites^  Ammonites^  etc.,  among  which  Dr.  Waagen  recog- 
nised the  lower  neocomian  form  Perisphinctes  asterianus} 

This  fossiliferous  band  is  overlaid  by  a  band  of  soft  yellowish  unfos- 
siliferous  sandstones  which  increases  in  thickuess  to  the  west.  This  was 
at  first  regarded  as  cretaceous,  but  it  is  said  to  contain  pebbles  of  alve^j- 
lina  limestone  in  the  westerly  exposures.* 

In  the  Sirban  mountain  near  Abbottibdd,  the  Jurassic  sandstones  are 
capped  by  a  bed,  lo  to  ?o  feet  thick,  of  a  similar,  but  much  harder, 
sandstone,  which  weathers  of  a  rusty  brown  colour  and  is  commonly  crowd- 
ed with  fossils.  These  include  Ammonites  of  the  groups  Crist ati  and 
Infiatiy  Ancyloceras^Anisoceras^  and  Baculites\  Belemnites  are  abundant, 
and  the  general  facies  of  the  fauna  is  that  of  the  gault*  'I  hey  are  succeeded 
by  a  group  of  thin  bedded  unfossiliferous  limestones  which  may  belong 
either  to  the  cretaceous  period  or  to  the  nummulitics  by  which  they  are 
overlaid. 

The  only  locality  in  Sind  where  beds  of  older  date  than  eocene  have 
been  identified  is  in  a  range  of  hills  running  due  south  from  the  neigh- 
bourhood of  Sehwcfn,  and  generally  known  to  Europeans  as  the  Lakhi 
range,*  from  the  small  town  of  Lakhi  near  the  northern  extremity.  South- 
west of  Amri,  on  the  Indus,  a  number  of  very  dark  coloured  hills  are 
seen   in   this   range,   contrasting    strongly   with   the    cliffs    of    grey  and 


'  The  only  published  account  of  this  bed  is  in 
the  Pal,  Jndica,  series  ix,  pp.  245-47,  (1875). 
No  account  of  the  locality  was  ever  printed 
by  the  discoverer,  Dr.  Stoliczka,  and  his  note 
books  contain  scarcely  any  details  on  this 
particular  point. 

'  W.  Waagen,  Pal.  Indica^  series  ix,  p.  245, 

1875. 
'  A.  B.  Wynne,  Memoirs,  XVII,  242,  (1880). 
•  W.  Waagen,  Memoirs^  IX,  342,  (1872). 


*  This  range  has  no  general  name,  diflFerent 
portions  being  known  by  a  number  of  local 
terms.  It  is  one  of  the  ranges  which  combine 
to  form  the  Hala  range  of  Vicary  and  other 
writers,  and  the  name  is  the  less  inappro* 
priate  in  this  case  as  there  is  an  unimportant 
pass  through  the  chain  known  as  the  Hala 
Lak.  Different  portions  of  the  range  are 
known  as  Tiyun,  Kara,  Eri,  Surjana,  etc. 
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whitish  nummulitic  limestones  behind  them.  These  dark  hills  consist  of 
cretaceous  beds,  but  the  lowest  member  of  the  series  is  only  exposed  in 
a  single  spot,  at  the  base  of  a  hill  known  as  Barrah,  lying  about  ten  miles 
south-west  of  Amri.  The  whole  range  here  consists  of  three  parallel 
ridges,  the  outer  and  inner,  composed  of  tertiary  rocks,  while  the  inter- 
mediate one  consists  of  cretaceous  beds^  faulted  against  the  lower  eocene 
strata  to  the  eastward  and  dipping  under  them  to  the  westward.  Close 
to  the  fault  some  compact  and  hard  whitish  limestone  is  found,  the  lower 
portion  pure ;  the  upper  portion,  often  containing  ferruginous  concre- 
tions, is  sandy,  gritty,  and  forms  a  passage  into  the  overlying  sandstones. 
The  base  of  this  limestone  is  not  seen,  the  whole  thickness  exposed  is  a 
little  over  300  feet,  and  the  length  of  the  outcrop  does  not  exceed  half 
a  mile.  The  limestone  is  fossiliferous,  containing  echinoderms  and 
mollusca,  but  it  is  so  hard  and  homogeneous  that  nothing  obtained  from  it 
can  be  easily  recognised,  except  one  fragment  of  a  hippurite.  This 
fossil  is,  however,  of  great  importance,  because  it  shows  that  the  white 
limestone  may  very  probably  be  an  eastern  representative  of  the  hippuritic 
limestone,  so  extensively  developed  in  Persia,  and  found,  in  numerous 
localities,  from  Teheran  to  east  of  Karman  in  longitude  58^,  just  ten 
degrees  west  of  the  Lakhi  range  in  Sind.^  The  precise  position  of  the 
Persian  hippuritic  limestone  in  the  cretaceous  series  has  not  been  deter- 
mined, but  the  European  formation,  which  is  very  similar  and  probably 
identical,  is  of  the  age  of  the  lower  chalk  (turonian). 

The  sandstones  resting  on  the  hippuritic  limestone  occupy  a  consider- 
able tract  around  Barrah  hill,  and  extend  for  about  three  miles  from  north 
to  south.  They  are  also  seen  at  Jakhmari  to  the  northward,  and  in  one  or 
two  other  places  in  the  neighbourhood.  They  are  gritty  and  conglomeratic, 
frequently  calcareous,  and  contain  a  few  bands  of  shale,  usually  of  a  red 
colour.  The  prevailing  colour  on  the  weathered  surfaces  is  dark  brown-  or 
purple,  many  of  the  beds  being  highly  ferruginous.  On  the  top  of  the 
sandstones  is  a  thick  bed  of  dark  coloured  impure  limestone,  containing 
oyster  shells,  and  occasionally  large  bones,  apparently  reptilian,  but  none 
have  been  found  sufficiently  well  preserved  for  identification. 

In  one  place  a  bed  of  basalt,  about  40  feet  thick,  has  been  found  inter- 
stratified  in  the  sandstones,  and  it  is  possible  that  the  band  may  exist 
elsewhere,  but  it  has  hitherto  remained  undetected.  The  position  of  this 
bed  of  basalt  on  the  face  of  a  hill  called  Bor,  about  13  miles  north  of 
Finfkot,  is  at  an  elevation  of  300  or  400  feet  above  the  base  of  the  sand- 
stones,  and  about  twice  as  much  beneath  the  main  band  of  interbedded 
trap,  to  be  described  presently. 

These   sandstones   are   overlaid  by  soft  olive  shales  and  sandstones, 

"  W.  T.  Blanford,  Eastern  Persia,  London,  1876,  II,  pp.  457i  485. 
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usually  of  fine  texture.  The  sandstone  beds  are  thin,  and  frequently  have 
the  appearance  of  containing  grains  of  decomposed  tasalt  or  some  similar 
volcanic  rock,  or  else  fine  volcanic  ash.  A  few  bard  bands  occur,  and 
occasionally,  but  rarely,  thin  layers  of  dark  olive  or  drab  impure  lime- 
stone.    Gypsum  is  of  common  occurrence  in  the  shales. 

The  olive  shales  are  highly  fossil ifcrous,  the  commonest  fossil  tieing 
Cardita  beattmoitti, '  a  peculiar,  very  globose  species,  truncated  posteriorly, 
and  most  nearly  allied  to  forms  found  in  the  lower  and  middle  cretaceous 
beds  of  Europe  (Neocomian  and  Gault).  This  shell  is  extremely  abund- 
ant in  one  bed,  about  200  or  250  feet  below  the  tcp,  but  is  not  con- 
fined lo  this  horizon.  Nautili  also  occur,  the  commonest  species  close- 
ly resembling  N.  labcchei 
of  Messrs.  D'Archiac  and 
Haime,  but  differing  in  the 
position  of  the  siphuncle. 
This  form  appears  undts- 
tinguishablefrom  N.bouchar- 
dianus,  found  in  the  upper 
cretaceous  Ariyalur  beds  of 
Fondicherri  and  at  a  lower 
Pie- 17.— Can/in  irainMonfi,  DArch,  and  Haime.  „„*„„„-..„  i,_  :  _     •     c 

"    '  '  cretaceous  horizon  ni  Europe. 

A  second  Nautilus  resembles  A',  subfletiriausianus  (another  eocene  Sind 
species)  in  form,  and  is  also  allied  to  some  cretaceous  types.  Several 
Gasteropoda  occur,  especially  forms  of  Rostellaria,  Cyprsa,  Natica,  and 
Turrilella  but  none  are  very  characteristic.  Two  forms  of  Oslrca  are 
common,  one  of  them  being  allied  to  the  tertiary  O.JIemingi  &aA  to  the  cre- 
taceous O.  eilte/iana,  but  distinct  from  both.  The  only  mollusc  which 
certainly  passes  into  the  Rinfkot  beds  is  Corbula  harpa. 

In  the  lower  part  of  the  beds  with  Ca/-(/tVa  jfUMmoH/t  someamphicoclian 
vertebrae  were  found,  which  Mr.  Lydekker  has  ascertained  to  be  crocodilian. 
All  amphicrelian  crocodiles  are  mesozoic,  and  the  present  form  must  be  one 
of  the  latest  known.  So  far  as  it  is  possible  to  form  an  opinion  from  very 
fragmentary  materials,  the  vertebrae  in  question  appear  more  nearly  allied 
to  the  wealdeo  Sucko\aurus  than  to  any  other  form  hitherto  described. 
It  has,  however,  been  already  shown,  when  writing  of  the  Gondwdna  flora, 
that  the  distribution  of  Reptilia  in  past  ages  was  not  the  same  in  India  as 
in  Europe. 

Only  the  corals  and  echinolds  of  the  Cardita  heaumonti  beds  have  as 

yet  been  criticically  examined,  the  former  by  the  late  Prof.  P.  M.  Duncan,  the 

latter  by  the  same  paleontologist  with  the  assistance  of  Mr,  P.  M  Sladen. 

The    results   obtained    arc   net  very  definite  so  far  as  the  corrcUtion  of 

I  D'Archiac  and   Haime,  Descri|rtion  dci     I     de     I'Inde.     Paris,    iSjj,    p.    ajj,   pi.    xiW        ^ 

Auimaus  ftMsilei   du  groupe  Niimmutiuiiuo     |     flg.  14. 
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the  beds  is  concerned.  Among  the  corals  the  genera  Caryophylla^  SmtlO" 
trochus  and  Litharcea  are  cretaceous;  but  also  range  into  and  through  the 
tertiary,  and  the  Smilotrochus  blanfordt\tvy  closely  resembles  S.  incurvus 
of  the  Italian  eocene.*  The  echinoids  are  equally  indefinite  as  regards 
their  relations,  being  neither  distinctly  cretaceous,  nor  definitely  eocene, 
and  the  general  facies  is  such  as  to  indicate  an  age  intermediate  between 
these  two  periods.* 

Mention  has  already  been  made  of  one  bed  of  basalt  intercalated 
in  the  sandstones  above  the  hippuritic  limestone  and  a  much  more  import- 
ant band  of  the  same  igneous  rock  has  been  traced,  resting  upon  the 
Cardita  beaumonti  beds,  throughout  a  distance  of  twenty-two  miles  from 
Rdnfkut  to  Jakhmari,  about  seventeen  miles  south  of  Sehwan,  wherever  the 
base  of  the  Rinikot  group  is  exposed.  The  thickness  of  this  band  of  trap 
is  trifling,  and  varies  from  about  40  to  about  90  feet.  Apparently  in  some 
places  the  whole  band  consists  of  two  lava  flows,  similar  in  mineral  charac- 
ter except  that  the  upper  is  somewhat  ashy  and  contains  scoriaceous  frag- 
ments ;  the  higher  portion  of  each  flow  is  amygdaloidal^  and  contains  nodules 
of  quartz,  chalc ed(  ny  and  calcite,  and  in  places  the  nodules  are  surrounded 
by  green  earth,  as  is  so  frequently  the  case  with  the  Deccan  traps. 
Another  characteristic  accessory  mineral,  common  also  in  the  traps  of 
the  Deccan  and  Milwi,  is  quartz  with  trihedral  terminations.  The  basaltic 
trap  of  the  Lakhi  hills  is  apparently  of  subaerial  origin,  although  it  rests 
con.'*ormably  on  the  marine  (or  estuarine)  Cardita  ieaumonii  heds.  There 
is  nothing  in  the  igneous  bed  to  indicate  its  having  consolidated  otherwise 
than  in  the  air,  and  the  structure  differs  altogether  from  that  of  subaqueous 
Volcanic  tuffs. 

The  evidence  that  this  band  of  basaltic  rock  is  interstratificd  and  not 
ititrusive  is  ample ;  throughout  the  whole  distance  the  trap  is  found  in 
t>rccisely  the  same  position,  between  the  lowest  beds  of  the  Rdnikot  and 
t:he  highest  of  the  Cardita  beaumonti  groups,  and  apparently  perfectly 
^conformable  to  both.  The  close  resemblance  in  mineral  character  and 
%.he  similarity  of  geological  position,  at  the  base  of  the  tertiary  beds,  show 
^hat  this  band  must  in  all  probability  be  a  thin  representative  of  the  great 
JDeccan  trap  formation,  and  the  occurrence  of  a  second  bed  at  a  lower 
Viorizon,  interst  rati  tied  with  the  passage  beds  between  cretaceous  and 
%:eriiary,  tends  strongly  to  confirm  the  inference  diawn  from  the  relations 
^Df  the  traps  to  the  cretacecus  and  tertiary  rocks  of  western  India,  that 
^he  great  volcanic  formation  must  be  classed  as  intermediate  in  age  be- 
tween those  two  eras. 

In  Baluchistdn  the  section  of  cretaceous  beds  is  more  extensive  than 

'  Pal,  Indica,  series  xiv,  !,  pt.  ii,  p.  25,  {1880).  1    Pal,  Indica^  series  xiv,  1,  pt.  iii,  p.  28,  (1883). 
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that  seen  in  the  one  small  exposure  in  lower  Sind,  and  none  of  the  hori* 
zons  except  the  uppermost  have  been  identified  in  the  two  regions. 

In  the  neighbourhood  of  Quetta  and  the  country  to  the  east  of  it  the 
lowest  rock  known  is  a  massive  limestone  of  great  thickness.  The  lower 
portion  of  this,  as  seen  at  the  head  of  the  Bolan  pass  and  at  Sariab,  is  of 
a  pale  cream  colour,  the  upper  portion  is  more  or  less  dark  g^ey  in 
colour.  Fossils  are  not  very  abundant,  but  in  places  it  exhibits  sections 
of  Hippurites^  Inoceramus  and  corals  on  the  weathered  surface.  The 
exact  age  of  this  limestone  is  undetermined,  but  it  is  regarded  as  lower 
cretaceous. 

The  massive  grey  limestone  is  succeeded  by  a  series  of  dark  grey  or 
black  shaly  beds,  often  containing  an  admixture  of  volcanic  ash,  overlaid  by 
red  and  green  mottled  shales  and  thin  bedded  limestone,  capped  by  white 
limestone.  The  thickness  of  these  beds  appears  to  be  about  i,ooo  feet, 
about  200  at  the  top  of  which  consists  the  white  limestone,  but  there 
are  great  variations  in  thickness  of  both  members,  owing  partly  to  the 
manner  in  which  the  soft  shaly  beds  have  yielded  to  compression,  and 
partly  to  the  removal  of  the  upper  beds  by  denudation  previous  to  the 
deposition  of  the  next  succeeding  group.  Locally  the  shaly  beds  of  this 
group  are  abundantly  fossiliferous,  but  except  a  few  fragments  of  ammo- 
nites the  only  fossils  that  have  yet  been  found  are  belemnites,  mostly  be- 
longing to  the  section  Dilatati,  and  including  one  very  broad  and  flattened 
form ;  owing  to  the  abundance  of  these  fossils  the  gfroup  has  been  referred 
to,  in  previous  publications  of  the  Survey,  as  the  Belemnite  beds.^ 

The  age  of  this  gfroup  is  clearly  secondary,  yet  on  some  sections  the 
white  limestone  at  its  summit  contains  numerous  specimens  of  Nummu- 
Una  and  Alveolina^  which  are  usually  regarded  as  indicative  of  a  tertiary 
age,  thus  introducing  an  anomaly  which  is  repeated  in  the  next  succeeding 
group. 

According  to  any  local  system  of  classification  the  next  succeeding 
group  of  strata  would  be  separated  from  those  just  described  and  united  to 
the  overlying  Nummulitic  beds,  with  which  it  is  perfectly  conformable,  for 
there  is  a  slight  but  distinct  unconformity  at  the  top  of  the  Belemnite 
beds.  The  unconformity  is  unaccompanied  by  any  recognisable  want 
of  parallelism  of  stratification  between  the  beds  below  and  above  it,  but  is 
marked  by  a  considerable  degree  of  erosion  and  a  complete  change  of 
fauna,   none  of  the  belemnites  having  been  found  in  the  overlying  group. 

The  Dunghan  group  as  this  is  called,  from  a  hill  of  the  same  name  east 
of  Spintangi,  is  an  important  and  interesting  one.  In  the  neighbour- 
hood of  Hurnai  it  is  essentially  a  limestone  formation  and  caps  the  bare 

•  Records,  XXV,  19,  (1892). 
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liogbacked  hills  east  of  the  Hurnai  route  to  Quetta.  To  the  south  of  the  road 
-which  connects  the  Spintangi  railway  station  with  Thai  Chotiili,  the  lower 
Ibeds  become  argillaceous,  and  the  argillaceous  element  more  and  more 
replaces  the  calcareous  till,  in  the  hills  east  of  Khattan,  the  group  has 
"fcecome  essentially  a  shale  group  in  which  the  calcareous  element  is  quite 
subordinate.  A  similar  change  takes  place  in  the  hills  west  of  the  Bolan 
g)ass,  but  the  country  there  has  been  less  fully  examined. 

In  the  hills  inhabited  by  the  Mari  tribe  the  lowest  beds  of  the  group  are 

visually  unfossiliferous,  grey,  green,  and  purplish  shales,  overlaid  by  about 

1,000  feet  of  grey  shales,  many  beds  being  so  profusely  fossiliferous  as 

Co  become  impure  limestones.      Above  these  shales  there  is  a  band  of  100 

to  200  feet  thick,   composed  principally  of  more  or  less   impure   sand- 

sstones,  capped  by  a  limestone  composed  almost  entirely  of  oysters   {£xO' 

jj^r^?),  but  containing  also  a  few  Naurilt  ^nd  other  fossils.     The  oyster  bed 

is  separated  by  some  600  feet  of  beds,  on  some  sections  of  limestone  on 

others  grey  shale,  from  a  peculiar  band  of  pseudo-breccia  regarded  as  the 

ba^e  of  the  nummulitic  series  in  this  district. 

The  fauna  of  this  group  is  a  peculiar  one ;  nummuKtes  are  abundant, 

but:  associated  with  them  are  Crioceras,  Baculites  and  Ammonites^  while 

fully  half  the   echinoderms  belong  to    the   order   Echinoconidw^  and   an 

oyster  resembling  O,  carinata  is  not  uncommon.     Car  dita  beau  wont  i  vidis 

Dot  found,  but  the  admixture  of  characteristically  cretaceous  forms  with  an 

abundance  of  nummulites  points  to  the  group  being   intermediate  in  age 

between  the  cretaceous  and  eocene  periods,   and  consequently  equivalent 

^^  ^h.^  Cardita  beaumontiheAs  oi  Smd,    The  suggestion  is  supported   by 

tile   frequent  occurrence  of  beds  of  impure  volcanic  ash,  immediately  above 

^l^e  Sandstones  and  oyster  bed,  and  of  ash  beds  and  even  basaltic  trap 

'^Pp^.rently  interbedded  with  the  uppermost  beds  of  the  Dunghan  group  in 

tn«^    Bolan  pass.      It  is  natural  to  suppose  that  they  represent  the  same 

"C>iri^on  as  the  trap  above  the  Cardita  beaumonti  beds  in  Sind. 

It  is  not  known  how  far  the  grouping  adopted  in  the  country  east  of 

Q^^tta  holds  good  for  the  rest  of  Baluchistan,  as  this  country  has  never 

^^^*^    geologically   examined   with  any  thoroughness.     Some  particulars 

c>l)servations   made  on  his   journeys   through   Baluchistan,    have   been 


re 


r^ 


ded  by  Dr.  Cook,  in  which  it  appeais  to  be  possible  to   recognise  the 

^^^^ous   rock   groups    mentioned   above.     He   describes^  the   cretaceous 

'^^^Ves  as   consisting   of   **  more    or   less   compact,  fine  grained,    red  and 

^^'^itie  limestone,   interleaved    with    slabs  and   veins  of  chert;  the  lime- 

^  ^^e  generally  containing   fine   mici-oscopic  specks,  and  the  upper  part 

^^^    or   two    massive  strata  of  an  excessively  hard    limestone   abounding 

^^     Ori/ioideSf    Orbttoliua   and   Opeiciilina^  the   lower  strata  becoming 

»  Trans.  Med^  Phys.  Soc,,  Bombay,  VI,  loi,  (i860). 
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argillaceous,  shaly  and  containing  (rarely)  ammonites."  These  beds  are 
underlaid  by  a  dark  blue  fossiliferous  limestone  containing  J?Aj'«r(?w^///7. 
There  is,  however,  some  uncertainty  about  the  section,  for  near  Khelit  the 
white  limestone  appears  to  underlie  the  fossiliferous  shales. 

There  is  some  indication  in  this  description  of  the  massive  limestone, 
helemnite  beds,  and  Dunghan  group  further  east,  and  with  one  exception 
the  fossils  recorded  would  accord  with  the  identification.  Amtuonites^ 
Ceratiles^  Crioceras^  and  Bclemnites  have  all  been  found  in  the  eastern 
area,  and  Scaphites  might  well  accompany  them,  but  if  the  identification 
of  OrthoceraSy  which  has  been  referred  to  in  a  previous  chapter,'  was 
correct,  it  must  belong  to  an  older  set  of  beds  than  cretaceous,  and  sug- 
gests that  the  section  is  more  extensive  and  less  simple  than  Dr.  Cook's 
descriptions  would  indicate. 

In  the  Suldimin  range,  west  of  DeraGhazf  Khin,  the  cretaceous  rocks, 
so  far  as  they  are  exposed,  comprise  two  well  marked  stages.  The  lower 
consists  of  dark  grey  limestones,  occasionally  sandy  or  shaly,  passing  down- 
wards into  dark  to  bluish  grey,  often  nodular,  calcareous  shales.  The  lime- 
stone abounds  in  indistinct  fossils,  especially  foraminiferae,  and  in  the  under- 
lying shales  a  cephalopod  belonging  to  the  AmmonittdaSy  Inoceramus  and 
two  species  of  Exogyra  resembling  cretaceous  forms  have  been  found.* 

These  beds,  of  which  about  1,500  feet  are  exposed,  are  overlaid  by  about 
the  same  thickness  of  sandstones,  generally  white  or  pale  coloured,  brown, 
\j[reenish  or  purplish  grey.  No  fossils  have  been  found  in  the  sandstones, 
and  no  unconformity  has  been  detected  between  them  and  the  overly, 
ing  beds,  while  they  overlie  a  bed  of  pseudo  conglomeratic  limestone 
exactly  resembling  that  found  at  the  base  of  the  eocene  beds  of  eastern 
Baluchistan. 

Further  north,  in  the  neighbourhood  of  the  Takbt-i-Sul4iman,  the  same 
pale  sandstone  and  ufiderlying  shales  and  limestone  are  found  underlaid 
by  some  hundreds  of  feet  of  massive  grey  limestone,  showing  sections  of 
Inoceramus  and  corals  on  the  weathered  surface,  which  exactly  resembles 
the  massive  limestone  of  the  Quetta  neighbourhood,  and  is  probably  of 
the  same  age.  West  of  the  Suliimin  range,  in  the  direction  of  the  Zhob 
valley,  this  massive  limestone  is  underlaid  by  a  great  thickness  of  green « 
and  grey  slaty  shales,  intercalated  with  beds  of  sandstone  and  a  few  o 
limestone,  from  which  no  fossils  have  as  yet  been  obtained. 

Before    passing  on    to   the  cretaceous  beds   of  Afghanistan,  it  will 
interesting  to  notice  that  the  rocks  just  described  are  the   source   of 
petroleum  of  eastern  Baluchistin  and  of  the  Suliimin  range.     The  Bal 
chistin  petroleum  is  a  thick,  black,  tarry  maltha,  traces  of  which   are  ve 

»  Supra,  p.  143.  I  *  Memoirs,  XX,  21 7,  (1883). 
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frei|f-i€ntly  found  in  the  Dunghan  group.      At  Khattan  tlierc  is  a  natural  oil 
spring,  where  the  petroleum  issues  along  with  an  abundance  of  hot  sulphur- 
ous  xvater,  and  for  seven  years  past  an    attempt  to  work  this  oil   for  profit 
lias  t>een  in  progress,  but   the  quantity  obtained  has  not  been  sufficient  lo 
prove  remunerative.     It  has  been  supposed  that  the  greater  abundance  of 
the  oil  was  in  some  way    connected  with  the  unusual    profusic  n  of  organic 
remains  in  the  Dunghan  group  at  this  locality,  but  the  connection  is  by  no 
T.eans  clear,     A  precisely  similar  oil  is  found  in  the  Bolan  pass  near  Kirta, 
^d  in  the  Robdar  valley,  south  of  Bfbi  Ndni,  it  issues  from  the  limestones 
below  the  Belemnite  beds,  that  is  to  say,  from  rocks   much  older  than  the 
f^unghan  group.     No  rocks  older  than    this   limestone   are  exposed    in  the 
Bolan  pass,  and  it  is   impossible   to  say   whether   there  are  any  profusely 
fossiliferous  beds  underground,  analogous  to  those  of  the   Dunghan  group 
^t  Khattan,  but    the  widespread  presence  of  traces  of  a  similar  oil,  even 
^here  fossils  are  rare,  appears  to  indicate  that  the  concentration  of  the  oil 
3t    Khattan,    Kirta,  and  the   other  localities,  has  no  connection   with  the 
S^'eatcr  or  less  profusion  of  organic  remains  at  those  spots. 

In  the  country  round  Kandahar,*  and  between  it  and  the  Klnvija  Amrin 
•^nore^  the  cretaceous  system  is  represented  by  a  great  thickness  of  hard 
S^^y  limestone,  usually  unfossiliferous  but  locally  containing  an  abundance 
^^  ^ippun'ieSf  coTd\s^  etc.  Near  Kandahar  this  limestone  is  underlaid  by 
^  ^<"ries  of  beds  showing  the  following  sections  in  descending  order  :  — 

3.  A  shaly  sandstone,  made  up  more  or  less  of  trappean  material. 

«.  Bright  green  and  intensely  red  shales  with  tliiii  sandstone  bands  of  trappean 

substance. 
I.  Coarse  and  thick  conglomerate,  almost  entirely  made  up  of  pebbles  of  trap  and 

cemented  by  a  trappean,  though  calcareous  matrix. 

The  description  of  these  beds  agrees  well  with  certain  beds  seen  near 

"^"^ch   and   Hamadun  on  the  Hurnai  route  to  Quetta,  which  were  formerly 

^S^rded  as  cretaceous.     More  recent  examination  has  shown,   however, 

^^t  they  are  nummulitic  and  consequently  cannot  be  representative  of  the 

^^ndahar  beds,  unless  one  of  the  sections  has  been  misinterpreted.* 

Associated  with   the  cretaceous  limestone  there    are  intrusive    rocks, 

^^Ii  basic  and  acid,  and  bedded  traps.    The  latter  are  basaltic  in  character 

*^*^d  overlie  the  limestone ;  very  few  details  have  been  recorded,  but  one  of 

*^  original  foci  of  eruption  was  supposed  to  have  been  recognised  about 

^'^r  miles  west  of  Kandahar.^     These  bedded  traps  are   newer  than  the 

^"^ppoid  congJomerates  described  above,  which  occur  below  the  limestone- 

^       The  intrusive  basic  rocks  are  said  to  be  lithologically  similar   to  the 

^^ded  ones,  but  they  have  undergone  a  serpentinous  change,  and  contain 

^    ^  ^'    ^-   Griesbach,    Memoirs,    XVIII,  42' |    *  R.  D.  Oldham,  MS,  report,  (1891). 
^^^Si).  I     »JI/^mw>5,  XVIII,  52,  <i880. 
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veins  and  lumps  of  bright  green  and  yellowish  chrysotile  where  in  contact 
with  the  limestone.  The  intrusions  are  numerous  and  vary  in  size  down 
to  mere  wafer  like  strings. 

The  acid  intrusive  rocks  are  varieties  of  quartzsyenite,  sometimes 
porphyritic  in  the  hills  crossed  by  the  Maiwand  pass  west  of  Kandahar,  which 
occur  in  veins  and  dykes  varying  from  several  hundreds  of  feet  to  quarter 
of  an  inch  in  thickness.  In  the  larger  syenitic  masses  numerous  veins  of 
a  porphyritic  rock  with  crystals  of  pink  orthoclase  imbedded  in  a  fine 
grained  fclsitic  matrix  are  found.  Similar  syenitic  intrusions  were  ob- 
served at  Dabrai  and  on  the  western  side  of  the  Kiiwdja-Amrdn  pass. 
The  syenitic  intrusions  are  of  somewhat  older  date  than  the  basaltic, 
as  the  former  are  penetrated  by  dykes  of  the  latter. 

In  Afgh^n-Turkistdn  the  cretaceous  system  is  well  developed,  and  covers 
a  large  area  of  ground  in  which  the  older  rocks  only  appear  as  inliers  here 
and  there.  The  lower  cretaceous  beds,  consisting  of  about  800  feet  of 
sandstones  and  shales  with  earthy  limestones  at  the  top,  are  said  to  be 
conformably  underlaid  by  the  red  neocomian  grits  ^  at  the  top  of  the 
plant  bearing  series.  The  upper  cretaceous  is  formed  by  about  1,800  to 
2,000  feet,  thickening  to  4,000  in  the  sections  near  Balkh,  of  white  thick 
bedded  limestone  with  occasional  sandstone  bands.  No  defined  subdivi- 
sions were  recognised,but  the  limestones  may  be  divided  into  three  zones*:-- 

3.  Chalk  with  flints. 

2.  Concretionary  earthy  white  or  brownish  while  limestones,  occasionally  dolomitic. 

1.  Hard  white  splintery  limestones. 

In   the  northwest  Himalayas  the   cretaceous   system,  apart   from  the 
possibly  cretaceous   Giumal   sandstones,  is  represented  by  a    few  small . 
patches  left  on  the  tops  of  some  of  the  hills  in  Spiti.     They  were  name 
the  Chikkim  series   by  Dr.  Stoliczka,  who  described  it  as  consisting  of 
maximum  thickness  of  about  500  feet  of  bluish  or  greyish  white  limestone  := 
weathering   white,  with   occasional  earthy  bituminous  bands,  overlaid  b^ 
about  200   feet  of  grey  or  darkish  unfossilifcrous  marly  shale.     The  lim 
stone  yielded  several  fragments  of  Rudistes  and  numerous  Foraminiferae 

Precisely  similar  limestones  were  observed  further  east  by  Mr.  Griesba 
in  Hundes.  They  exhibit  no  features  calling  for  special  notice,  and  t 
fossils  collected  have  not  yet  been  described. 

To  the  north  hipputitic  limestone  has  been  observed  in  the  Lokhzui 
range,  north  of   the    Lintzihang  plain,*  and  at   Sanju,  on  the  road  fr 


'  Supra^  p.  196. 

'  C.   L.   Griesbach,    Records^    XIX,    253, 
(1886). 


3  F.  Stoliczka,  Memoirs^  V,  ti6,  (1865). 
•Drew:    Jummoo  and    Kashmir   Territ 
ries,  London,  1875,  p.  343. 
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Leh  to  Yarkand,  Dr.  Stoliczka  recorded  the  presence  of  coarse  grey 
calcareous  sandstones  and  chloritic  marls,  some  beds  being  almost  entirely 
composed  of  the  middle  cretaceous  Oryphasa  vesiculosa^ 

The  occurrence  of  cretaceous  beds  on  the  shores  of  the  Namcho  lake, 
about  75  miles  north  of  Lhasa,  is  proved  by  specimens  of  Omphalia  trotteri^ 
which  were  brought  from  that  locality  by  one  of  the  native  explorers  of 
the  Trigonometrical  Survey  in  1876.* 


In  the  Assam  range  the  cretaceous  rocks  occur  both  on  the  plateau, 
where  they  lie  nearly  horizontali  and  along  the  southern  edge,  where 
they  are  bent  down  to  a  steep  dip  in  a  monoclinal  flexure.  They  thin 
out  in  a  marked  manner  to  the  northward  on  the  section  south  of  Shillong, 
having  a  thickness  of  about  600  feet  at  the  edge  of  the  scarp,  while 
ten  miles  further  north,  near  Surarim,  there  is  only  about  100  feet. 
Still  further  north  there  are  some  small  outliers  which  lie  in  hollows  on  the 
surface  of  the  Shillong  quartzites  marking  the  position  of  pre-cretaceous 
valleys. 

It  is  in  these  little  primitive  basins  on  the  plateau  that  the  cretaceous 
^0^1  is  found,  one  of  them,  a  tiny  coal  basin  at  Mdobehlarkir  between 
^urarim  and  Mauphlong,  having  for  years  supplied  the  station  of  Shillong. 
r^e  mineral  itself  has  a  persistent  character  throughout  the  whole  cretaceous 
^rea.  It  is  remarkable  as  being  less  of  a  true  coal  than  is  that  of  the  over- 
•viug  nummulitic  group;  the  texture  is  compact  and  splintery,  with  a 
^^^ooth  conchoidal  pasture,  and  the  coal  gives  a  dull  wooden  sound  when 
uck.  It  has  the  additional  peculiarity  of  containing  numerous  specks  and 
all  nests  of  fossil  resin. 

The    most   persistent   member  of  the  cretaceous  series  is  known  as 

5  Cherra  sandstone,  about  200  feet  of  coarsish   hard  rock,  unfossiliferous 

cept  for  some  vague  stem-like  vegetable  impressions,  which  comformably 

derlies  the   nummulitic   limestones.     1  he  next  most  constant  member 

the  basal  conglomerate,  whose  larger  components  are  almost  all  derived 

^::jm  the  neighbouring  Shillong  quartzites,   and  are  generally  subangular. 

rying  in  thicknes    from    20   to  100  feet,  it  everywhere   forms  the  base 

^     the  series,  but  whether  it  represents  a  definite  geological   horizon  is 

ubtful. 


In  the  Maobehlarkir  coal  basin  the  basal  conglomerate  and  the  Cherra 
^^^dstone   are   in  contact,  but  at  the  south  scarp  of   the  plateau  they  are 
parated  by  glauconitic  sandstones,  overlaid  by  a  pale  fine  grained   sand- 
»ne,  often  containing  broken  plant  remains,  and  in  places  marine  fossils. 

*F.  Stolicika,    Quart,    Jour.   Ceol.    Soc.^      Mission,  Geology,  p.  22,  (1878). 
^^X,  572,  (1874)  ;  Records,  VII,  S©,  (1874) ;       «  Records,  X,  21,  (i877), 
•>«ntific    Results  of   the  Second  Yarkand 
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These  beds,  about  400  feet  in  thickness,  thin  out  to  the  northward  by  an 
original  limit  of  deposition,  and  it  has  been  noticed  ^  that  the  matrix  of  the 
basal  conglomerate,  at  the  different  levels,  partakes  of  the  nature  of  the 
corresponding  horizon  below  Cherra,  and  on  all  the  sections  there  is  more 
or  less  of  a  transition,  by  interstratification,  between  it  and  the  particular  bed 
which  happens  to  overlie  it.  The  only  point  tending  to  cast  a  doubt  on  its 
being  a  marginal  form  of  the  successive  sandstone  beds  is  the  frequent 
occurrence  of  carbonaceous  matter  in  the  rock  immediately  above,  but 
this  is  not  conclusive. 

Where  the  beds  bend  over,  and  are  exposed  with  a  high  dip  in  the 
low  ground  south  of  Iharia,  the  basal  conglomerate  is  represented  by  a 
coarse,  felspathic  ochrey  sandstone,  while  the  overlying  beds,  having  a 
thickness  of  about  1,200  feet,  consist  of  pale  grey  shales,  locally  nodular, 
calcareous,  or  ferruginous,  with  some  thin  layers  of  earthy  limestone  or 
sandstone.  The  whole  series,  besides  being  thicker  than  that  exposed  on 
the  plateau  north  of  the  unicliiial  axis,  is  earthy  in  character,  instead  of 
sandy,  implying  a  greater  distance  from  the  margin  of  the  sea. 

The  marine  fossils  of  the  cretaceous  rocks  of  the  Kliisi  hills  have 
already  been  mentioned,*  and  need  not  be  further  referred  to  here.  No 
fossils  have  as  yet  been  found  west  of  the  Khdsi  hills. 

In  the  G^ro  hills  the  cretaceous  attains  a  considerable  development 
as  an  arenaceous  series,  containing  important  coal  seams  in  places.  The 
sandstones  of  the  plateau  are  horizontal  and  rest  on  a  more  deeply  eroded 
and  irregular  surface  than  those  of  the  Khisi  hills.  At  the  western  end 
of  the  range  the  sandstones  lap  round  the  end  of  the  Turi  gneissic  ridge, 
and  the  original  relations  of  the  rocks  are  nowhere  better  seen  than 
here.  The  spur  on  which  the  station  of  Turd  stands,  some  2,000  feet 
below  the  crest  of  the  ridge  has  a  midrib  of  gneiss,  with  sandstone  on  both 
sides,  through  which  the  streams  have  again  excavated  their  channels. 
There  is  but  little  disturbance  in  this  locality,  and  it  is  plain  that  the 
ridge  must  have  stood  as  it  does  now  when  these  sandstones  were  laid 
down. 

East  of  the  Khisi  hills,  throughout  the  south-east  portion  of  the 
Jaintia  hills  from  the  neighbourhood  of  Jowai  eastwards,  cretaceous  rocks 
are  found  at  the  surface,  horizontal  or  nearly  so,  and  to  the  eastwards  pass 
conformably  beneath  the  tertiaries  near  the  Kapili  (Kopili)  river.  Beyond 
this  we  have  only  isolated  observations ;  the  thin  bedded  sandstones  at  the 
falls  of  the  Kapili  are  believed  to  be  cretaceous,  and  typical  cretaceous 
coal  is  associated  with  sandstone  and  some  hard  sandy  limestone  resting 
flatly  on  the  gneiss  in  the  Ndmbar  and  Doigrung  valleys,  near  Golighdt. 

'  II.  B,  Medlicott,  Memoirs,  VII,  171,  (1S69).  j  *  Supra,  p,  247. 
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The  existence  of  cretaceous  beds  in  the  Arakan  Yoma  is  only  shown 
by  the  discovery  of  one  species  of  mollusc  in  a  sinj^jle  locality  near  Ma-f 
in  the  northern  part  of  the  Sandoway  district  of  Arakan.  The  species 
found,  Ammonites  inflatus^  is  a  characteristic  cenomanian  cephaiopod, 
common  in  the  Utatur  beds  of  Southern  India.  The  only  specimen 
obtained  was  picked  up  in  the  bed  of  a  stream,  and  had  evidently  been 
derived  from  some  shales  in  the  neighbourhood.  No  other  specimens 
nor  other  fossil  of  any  kind  could,  however,  be  found. 

What  may  be  the  extent  of  the  cretaceous  beds,  and  which  strata  should 
be  referred  to  this  group,  are  matters  on  which  but   little  trustworthy   in- 
formation has  been  obtained.     Mr.  Theobald  was  disposed  to  consider  that 
a  peculiar,  compact,  light  cream  coloured,  argillaceous  limestone,  resem- 
bling indurated  chalk,  sometimes  speckled  from  containing  sublenticular 
crystalline  particles,  belongs   to  the    cretaceous  system.     This  limestone 
has  been  traced  at  intervals  from    near  Ma-i,   about    thirty   miles  north 
of  T'ongup  (Toungoop),  to  the  neighbourhood  of  Sandoway,  whilst  some- 
what  similar  limestone,  though  not  so   characteristic,  may  be  traced  lo 
Keantali,  some  thirty  miles  farther  south.     The  same  limestone  is  found  in 
the  western  part  of  Ramrf  Island.     Another  peculiar  formation  is  a  greyish 
rather  earthy  sandstone,  with  a  pisolitic  structure  in   places,  due  to  the 
presence  of  small  globular  concretions  of  carbonate  of  lime  and  iron.    The 
concretions  decompose  and  leave  small  holes,  which  impart  to  the  earthy 
sandstone  the  aspect  of  an  amygdaloidal  trap.     Like  the  limestone,  this 
peculiar  sandstone  is  traced  from  Ma-f  to  near  Keantali,  a  distance  of  94 
miles,  and  if,  as  appears  probable,  these  beds  are  really  cretaceous,  for 
both    are  closely  associated  with  the  shale  from  which  the  ammonite  had 
apparently  been  derived,  the  rocks  q\  this  formation  may  be  considered  as 
extending  at   least   the   distance  mentioned.     The  strata  ascribed  to  the 
cretaceous  group  are  less  hardened   and   metamorphosed   than    the   other 
•"ocks  of  the  Arakan  Yoma  ;  they  are  of  great  thickness,  and  may  include 
^'l    the  beds  of  the  main  range  of  the  Yoma,  as  far  south  as  Keantali.     No 
*'ocks  which  can  be  referred  to  the  Ma-(  group  have  been  detected  east  of 
^^^e     main   Arakan    range   in   Pegu.      To   the    northward    their   range    is 
'^^nkaown    but  a  limestone  resembling  that  of  the  Ma-(  group  was  seen  in 
^l^e  hills  east  of  Manipur.* 


Apart  from  those  just  mentioned  no  rocks  of  cretaceous  age  are  known 
^^  exist  in  Burma,  though  there  is  a  probability  that  they   may  be  repre- 
sented in  Tenasserim.     On  the  Lenya  river,*  in  the  extreme  south  of  the 
Province,  a  bed  of  coal  occurs,  of  very  laminated  structure  and  containing 
^^wierous  small  nodules  of  a  resinous  mineral,  like  amber.      This  peculiar 

^^eniQifi,  XIX,  223,  (1883)  ;  Subra  p.  148.    j  «  T.  Oldhain,  Stl.  Rcc.  Govt.  Ind.,  X,  48,  (4856)* 
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association  of  mineral  resin  is  characteristic  of  the  cretaceous  coals  in  the 
Assam  hills,  and  it  is  possible  that  the  Tenasserim  mineral  is  of  the  same  age.* 
At  the  same  time  no  palseontological  evidence  has  been  discovered,  the  rocks 
associated  with  the  coal  are  soft  clays  and  sands,  having  a  more  recent 
appearance  than  those  accompanying  the  other  coal  seams  of  the  Tenas- 
serim  province,  and  these  other  coal  seams  are,  it  is  believed,  not  older 
than  eocene.  The  coal  occurs  in  an  irregularly  developed  bed,  varying 
from  I  to  5  feet,  or  rather  more,  in  thickness,  with  thin  layers  of  fine 
jetty  coal  between  bands  of  hard  black  shale,  and  rests  on  clay  with 
vegetable  remains,  and  patches  of  jet  coal.  Thin  coal  laminae  are  also 
found  in  the  associated  strata. 

Below  the  rocks  immediately  associated  with  the  coal  are  fine,  whitish 
earthy  sandstones  and  indurated  clay,  passing  into  marl,  with  some  con- 
glomerates. Above  the  coal  is  a  series  of  soft  muddy  sandstones,  marls, 
conglomerates  and  a  few  seams  of  carbonaceous  matter.  The  whole  may 
be  600  feet  thick.  The  dip  is  considerable,  about  35°,  and  the  rocks 
have  undergone  disturbance  and  faulting.  Nothing  has  been  ascertained 
as  to  the  relations  of  the  coal  bearing  beds  to  other  formations,  indeed 
all  that  is  known  of  the  Lenya  river  coal  is  the  result  of  a  hurried  visit 
to  a  locality  very  difficult  of  access. 


'  Mr.  Dose  (MS.  Report,  1892)  regards  these 
beds  as  belonging  to  the  Maulmain  series,  of 
Palaeozoic  age  ;  the  country  is,  however,  singu* 


larlj  ill  adapted  to  geological  investigation 
and  the  esamisiatton  was  necessarily  incon»- 
plete. 


CHAPTER  XIII. 


TERTIARY   DEPOSITS. 

{Excluding  those  of  the  Himalayas) 

Quilon  and  Ratnigiri'^Surat<*^Sind  and  Baluchistan — Cutch  and  K^thidwdr — Afgliinistin— 

Kohit'— Assam— Burma* 

No  tertiary  beds  are  known  in  the  Indian  Peninsula  except  in  the  im- 
mediate neighbourhood  of  the  coast,  and  if  we  exclude  certain  unfosbiliferous 
saticistones,  now  regarded  as  subrecent  though  possibly  of  upper  tertiary 
age,  they  are  confined  to  a  few  small  exposures  on  the  west  coast,  the 
most  southerly  of  w^hich  is  near  Quilon,  in  Travancore. 

The  earliest,  and  practically  still  the  only,  information  published  on 
ihe  occurrence  of  tertiary  beds  in  Travancore  is  comprised  in  some 
notes  supplied  by  General  Cullen  to  Dr.  Carter,  and  published  by  the  latter 
in  his  *  Summary  of  the  Geology  of  India/^  Beneath  the  laterite  of  the 
neighbourhood  of  Quilon,  at  a  depth  of  about  40  feet  from  the  surface, 
grey  fossiliferou?  limestone  (or  dolomite  according  to  General  Cullen) 
IS  found,  partly  compact  and  partly  loose  and  rubbly.  This  limestone 
is  exposed  beneath  a  laterite  cliff  near  the  coast,  four  or  five  miles  north- 
east of  Quilon,  and  the  same  rock  has  been  found  in  the  neighbourhood  of 
the  town  at  a  depth  of  about  40  feet  in  numerous  wells,  many  of  which 
^'^re  sunk  or  deepened  by  General  Cullen  for  the  purpose  of  ascertaining 

the  presence  of  the   limestone.     Further  south,   near  Warkalli,  twelve  to 
fourteen  miles  south  of  Quilon,  the  cliffs  on  the  coast  expose,  beneath  the 

laterite,  beds  of  brightly   coloured  sand  and  clays  with  bands   of  lignite, 

abounding  in  fossil  resin  and  iron  pyrites,  both  in  lumps  of  considerable 

size.      The  sandy  beds  overlie  the  lignites  and  clays. 

The  limestone  contains  marine  shells  in  abundance,  amongst  which 
^^-  Carter  recognised  Strombus  fortisiy  Cassis  sculpta^  Voluta  jugosa^ 
^^nella  bufo^  Conus  catenulatus,  Conus  marginatus^  and  Cerithium  rude, 


Jour,  Bo.  Br.  Roy,  As.  SoC.y  V,  30»»  (>857) ; 

%na  Geological  Papers  on  Western  India,  Bom- 

"*y » ^857,  pp.  740 and  743,  footnote.  This  foot- 

tiote  is  an  addition  to  the  original  summary. 

*n^  very  small  outcrop  was  not  found  during 


the   geological    examination  of    the    Cochin 
neighbourhood.    The  locality  had  been  incor- 
rectly   defined   in   the   first  instance,  but  its 
existence  was  subsequently  verified    by  Mr. 
Logan  ;  Records^  XVII,  9,  (i8^4)* 
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besides  species  of  several  other  genera  resembling  forms  found  in  the 
tertiary  beds  of  Sind  and  Cutch.  A  species  of  Orbitolites  (?)  was 
described  by  Dr.  Carter  as  O.  malaharica.  All  the  mollusca  identified 
belong  to  species  occurring  also  in  Cutch  and  Sind,  and,  so  far  as  is 
known,  in  beds  of  later  date  than  the  nummulitic  limestone.  No  plants 
appear  to  have  been  collected  from  the  lignite  beds. 

Another  deposit  of  obscure  date  and  origin  has  beeti  found  beneath 
laterite  at  Ratnigiri  (Rutnagherry)  on  the  western  coast.^  White  or 
blue  clays  with  thin  carbonaceous  seams  are  found  in  various  quarry  and 
well  sections  near  the  town  beneath  a  considerable  thickness  of  laterite, 
35  feet  in  one  case.  Some  of  the  clay  is  said  to  be  sandy  or  gravelly. 
Above  the  deposit  is  a  layer  of  hard  ironstone,  about  an  inch  thick,  but 
said  sometimes  to  be  thicker.  As  in  Travancore,  fruits  and  leaves  are 
found  in  the  clay  and  lignite,  together  with  mineral  resin  and  pyrites. 
No  specimens  of  the  organisms  found  appear  to  have  been  collected.  The 
beds  are  only  a  few.  feet  thick,  27  in  one  section  measured  by  Dr.  de 
Crespigny,  and  rest  unconformably  upon  Deccan  trap. 

There  is  but  little  evidence  to  connect  this  deposit  with  the  Travancore 
beds,  but,  owing  to  some  similarity  of  mineral  character,  the  presence 
of  lignite  in  both,  and  the  circumstance  that  both  underlie  laterite,  they 
have  been  classed  together. 


The  tertiary  rocks  in  Surat  and  Broach*  are  almost  confined  to  two 
tracts  of  country,  separated  from  each  other  by  the  alluvium  of  the  river 
Kim,  a  small  stream  running  to  the  sea  from  the  Rajpipla  trap  area.  The 
southern  tract  is  the  smaller,  extending  about  ten  miles  north  from  the  Tdpti 
river  and  being  about  fifteen  miles  broad  from  east  to  west ;  the  other 
area,  between  the  Kim  and  NarbadcL,  extends  about  thirty  miles  from 
north-east  to  south-west,  and  is  about  twelve  miles  across  where  widest.  In 
both  the  few  good  exposures  of  rock  which  occur  are  to  the  eastward. 

At  the  base  of  the  tertiary  formations,  north-east  of  Surat,  are  thick 
beds  of  ferruginous  clay,  assuming,  where  exposed,  the  characteristic  brown 
crust  and  pseudo-scoriaceous  character  of  laterite,  from  which  they  differ 
in  no  respect.  These  beds  at  first  sight  appear  to  be  of  volcanic  origin, 
an  idea  which  is  strengthened  by  the  neighbourhood  of  the  traps  on  which 
they  rest,  but  close  examination  has  shown  that  they  are  really  sediment- 
ary deposits,  although  composed,  in  all  probability,  of  materials  derived 
from  the  disintegration  and  denudation  of  the  trap.  With  them  are  inter- 
stratified  beds  of  gravel  or  conglomerate,  containing  agate  pebbles  derived 


'  Carter,  Jour,  Bo.  Br,  Roy,  As,  Soc,  V,  626, 
(1S57);  Geological  Papers  on  Western  India, 
Bombay,  1857,  p.  722,  footnole;  C.  J.  Wilkin* 


son,  Records,  IV,  44,  (1371). 

*  For  a  fuller  description,  see  Memoirs,  VI, 
223-27  and  356-73,  U^9)» 
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from  the  traps  and  limestone,  sometimes  nearly  pure,  but  more  frequently 
sandy,  argillaceous,  or  ferruginous,  and  abounding  in  nummulites  and  other 
fossils.  The  thickness  of  the  whole  can  only  be  roughly  estimated  at 
between  500  and  1,000  feet. 

These  beds  are  well  seen  on  the  banks  of  the  Tipti  below  Bodhdn,  a 
village  eighteen  miles  east  by  north  from  Surat.  They  extend  thence 
to  the  northward  through  Tarkesar  to  the  Kim  alluvium,  and  again  north 
of  the  Kim  to  the  neighbourhood  of  a  village  called  Wdgalkhor,  about 
twenty-four  miles  north-north-east  of  Bodhdn,  and  seventeen  east  by  south 
of  Broach.     North  of  this  tl)ey  appear  to  be  overlapped  by  higher  beds. 

The  nummulitic  limestones  and  their  associates  are  distinctly  uncon- 
formable to  the  underlying  traps,  and  rest  upon  the  denuded  edges  of  the 
latter.  Amongst  the  fossils  found  in  the  lower  tertiary  beds  are  Nummu- 
/lies  ramondi,  N.  obtusa,  N,  exponens  (or  N.  granulosa),  Orbitoidesdis- 
/iansa  and  some  other  species  which  are  common  in  the  Kirthar  beds 
of  Sind,  together  with  Ostrea  flemingi,  Rostellaria  prestwichi,  and 
Jsfatica  longtspiraj  which  are  particularly  characteristic  of  the  Rinikot 
^roup,  and  Vulsella  le^umtn  found  in  both.  Some  other  fossils  have  been 
identified  with  species  found  at  a  higher  horizon,  but  the  identification 
sippears  doubtful.  The  nummulitic  beds  of  Surat  and  Broach  may  safely  be 
<:lassed  as  eocene. 

Above  the  limestones  and  lateritic  beds  there  is  found  a  great  thickness 
of  gravel,  sometimes  cemented  into  conglomerate,  together  with  sandy  clay 
and  ferruginous  sandstone,  often  calcareous.     These  higher  beds  are  poorly 
exposed  in  the  Tdpti  and  Kim  rivers,  but  they  are  well  seen  in  the  stream 
which  runs  past  Ratanpur,  east  of  Broach.     Here  they  consist  chiefly  of 
sandstone,  gravel,  and  conglomerate,  with  occasional  beds  of  red  and  white 
clay  and  shales.     The  pebbles  in  the  gravels  and  conglomerates  consist 
chiefly    of   agates   and    quartzose    minerals   derived   from    the  trap,  and 
from  some  of  these  beds  near  Ratanpur,  east  of  Broach,  the  agates  and 
carnelians  are   obtained    which  have  from  time  immemorial  supplied  the 
lapidaries  of  Cambay.     At  the  base  of  the    tertiary   beds    in    this  direc- 
tion is  a  coarse  conglomerate  composed  of  large  rolled  fragments  of  basalt, 
but  it  IS  uncertain  whether  this  bed  belongs  to  the  upper  tertiary  group 
Or  to  the  lower  tertiaries,  as  it  is  not  quite  clear,  owing  to  the  few  sections 
exposed,    whether   the   lower   eocene    beds    are    completely   overlapped 
to    the    northward,   or   merely  represented   by   unfossiliferous  beds  of  a 
different  mineral  character.     Like  the  underlying  beds,  the  higher  tertiary 
strata  have  a  steady  dip  to  the  westward,  and  the  thickness  of  the  whole 
tertiary  series  exposed  near  Ratanpur  appears  to  he  between  4,000  and 
5,000  feet,  but  this  estimate  is  based  on  a  very  imperfect  exposure  of  the 
rocks.    Of  course,  if,  as  appears  possible,  the  lower  beds  are  overlapped,  the 
whole  of  this  thickness  consists  of  the  upper  members  of  the  series. 
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No  nummuHtes  are  found  in  these  upper  tertiary  beds,  and  the  few 
fossils  discovered  in  them  appear  to  differ  from  those  in  the  nummulitic 
limestones  below.  The  commonest  organic  remains  are  valves  of  Balani, 
which  are  also  abundant  in  the  Gi]  (miocene)  rocks  of  Sind.  The  abund- 
ance of  Balani  and  the  absence  of  Nummulites  together  form  strong 
reasons  for  believing  that  the  upper  beds  ot  Surat  and  Broach  are  of 
later  date  than  eocene. 

It  is  far  from  certain  whether  any  pliocene  beds  are  found  in  eastern 
Gujarit.  They  occur  in  Kithiawdr  and  on  Perim  Island  in  the  Gulf  of 
Cambay,  and  further  search  may  detect  them  in  Surat  and  Broach. 


Tertiary  deposits  are  found  in  the  debateable  ground  west  of  the 
Arilvallis  which  belongs  structurally  to  the  peninsular  and  stratigrapl  ically 
to  the  extra-peninsular  area,  and  in  the  extra-peninsular  area  they  attain 
an  immense  development,  both  as  regards  their  thickness  and  the  area 
they  cover.  Taken  as  a  whole,  and  ignoring  local  breaks  in  the  continuity 
of  deposition,  they  form  a  great  system  of  deposits  whose  lower  portion  is  a 
marine  formation  while  the  upper  consists  of  fresh  water  subaerial  deposits. 
The  distinction  is  not  absolute,  nor  can  the  line  of  demarcation  between 
the  two  types  be  everywhere  drawn  on  the  same  horizon,  yet  the  distinc- 
tion is  a  real  and  important  one.  Everywhere,  from  Sind  on  the  one  hand 
to  Burma  on  the  other,  the  eocene  deposits  are  marine  and  the  pliocene 
fresh  water  or  subaerial,  with  the  possible  exception  of  the  pliocene  beds 
of  the  Irawadi  valley,  and  wherever  there  is  a  continuous  succession  of 
deposits,  there  is  a  gradual  transition  from  the  one  type  to  the  other. 

It  will  be  well  to  commence  the  general  description  of  the  extra-penin- 
sular tertiaries  with  those  of  Sind,  as,  owing  to  the  completeness  of  the 
section  there  and  the  abundance  and  excellent  preservation  of  the  fossils 
of  the  various  horizons,  it  may  well  be  regarded  as  a  type  area  for  the  rest 
of  India.  At  the  same  time  the  tertiaries  of  those  adjoining  areas  will  be 
noticed  where  the  Sind  rock  groups  have  been  recognised  with  some  degree 
of  certainty,  those  of  Cutch  and  K^thi^war,  where  they  are  less  distinctly 
represented,  being  taken  separately.  After  noticing  the  tertiaries  of 
Afghinistcln  and  the  western  frontier,  those  of  Assam,  and  finally  Burma, 
will  be  described,  the  consideration  of  the  Himilayan  tertiaries  being 
more  conveniently  postponed  to  the  following  chapter. 

The  great  series  of  tertiary  deposits  of  Sind  has  been  divided  into  the 
following  groups  or  subdivisions,  whose  approximate  correlation  with  the 
European  sequence  is  given— 

Manchhar,  8,000—10,000  ft.  •         .     Uppzr  miocene  to  pliocem^ 
Gaj,  too— 1,500  ft.         ,         .         .     Miocene, 
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Nari,  500—  6,000  ft.       .         .         .      Upper  eocene  to  lower  miocene* 
Kirtar,  6,000 — 9,000  ft.  .         •         .      Eocene, 
Rdnfkot,  2,000  ft.  •         •         •     Lower  eocene. 

The  lowest  group  of  the  Sind  tertiaries,  which   lies  with  perfect  con- 
formity on   the   Cardita  beaumonti  beds  described   in    the  last  chapter, 
derives  its   name  from  a  hill  fortress  of  Sind  Amirs,  situated  in  the  Lakhi 
range  of  hills,  known  as  Ranikot  and  also  as  Mohan- kot,  from  the  Mohan 
stream,  which  traverses  the  fortification.^    The  Rdnfkot  group  is  much  more 
extensively  developed  in  Sind    than  the  underlying  cretaceous    beds,  for 
aitlioTigh  it  is  confined  to  lower  Sind,  and  although  its  base  is  only  seen 
ia     the  Lakhi  range,  north  of  Rclnikot,  its  upper  strata  occupy  a  consider- 
able   tract  of  country. 

A.11  the  lower  portion  of  the  Rinikot  group,  including  by  far  the 
gi^^SLter  portion  of  the  beds,  consists  of  soft  sandstones,  shales  and  clays, 
often  richly  coloured  and  variegated  with  brown  and  red  tints.  Gypsum 
is  of  frequent  occurrence.  Some  of  the  shales  are  highly  carbonaceous 
and  occasionally  sufficiently  pyritous  to  be  used  in  the  manufacture  of  alum. 
In  one  instance  a  bed  of  coal  (or  lignite),  nearly  six  feet  thick,  was  found, 
«^«^ci  a  considerable  quantity  of  the  mineral  extracted.*  The  quality  was 
P^^or,  the  coal  decomposed  rapidly  and  was  liable  to  spontaneous  com- 
^^stion  owing  to  the  quantity  of  iron  pyrites  present,  whilst  the  deposit 
^^^.s  found  to  be  a  small  patch,  not  extending  more  than  about  100  yards 
^^  smy  direction.  The  only  fossils  found  in  the  lower  portion  of  the 
^^of  kot  group,  with  the  exception  of  a  few  fragments  of  bone,  have  been 
P*^.rits,  some  dicotyledonous  leaves,  hitherto  not  identified,  being  the  most 
*^^^I>ortant.  All  the  R^nikot  beds,  except  towards  the  top  of  the  group, 
h^ve  the  appearance  of  being  of  fresh  water,  and  are  probably  of 
"^v-iatile  origin. 

/K  variable  portion  of  the  group,  however,  towards  the  top,  consists 

P*     highly    fossiliferous  limestones,  often    light  or    dark  brown  in  colour 

'^^^rstratified  with  sandstones,  shales,  clays,  and  ferruginous  bands.    These 

^^"^   Ihe  lowest  beds  in  Sind  containing  a  distinctly  tertiary  marine  fauna. 

*  *^e   brown  limestones  are  well  developed  around   Lynyan,  east  of  Band 

^*"oand  no^th-\^est  of  Kotri,  and  throughout  the  area  of  Rinikot  beds 

"^^r  Jerruck  and  Tatta      In  this  part  of  the  country  there  appears  to  be  a 

^^'^plete  passage  upwards  into  the  overlying  nummulitic  limestone    (Kir- 

^^«"),  but  in  the  Lakhi  range  the  upper  marine  beds  of  the  Rdnikot  group 

^^^    poorly  represented  or  wanting,  and  it  is  evident  that  they  were  removed 

y      cienudation   before  the  deposition  of  the  Kirthar  limestone,    for   the 

^^tter  is  seen  at  Hothian  pass  resting  upon  their  denuded  edges. 

The  greatest  thickness  of  the  Rinlkot  group  in  the  Lakhi  range,  where 
^*one  the  base  of  the  group  is  visible,  is  about  2,000  feet,  but  generally 

>  Memoirs,  XVII,  37,  (»879).  |  »  Memoirs,  VI,  13,  (1869). 
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the  amount  is  father  less,  about  1,500.  It  must,  however,  be  recollected 
that  in  this  locality  some  of  the  upper  marine  beds  are  wanting, 
and  as  these  marine  limestones  and  their  intercalated  shale&,  sand- 
stones, etc.,  are  700  or  800  feet  thick  in  places  north-west  of  Kotri,  it  is 
evident  that  the  original  development  of  the  group  exceeded  the 
2,000  feet  seen  in  the  Lakhi  range. 

The  fossils  of  the  Rinikot  group  ^  indicate  a  lower  eocene  age,  though 
cretaceous  affinities  are  not  wanting.  The  Nautili  are  all  connected  with 
cretaceous,  rather  than  tertiary,  types,  a  Terebratula  is  undistinguishable 
from  T,  subrotunda,  one  of  the  commonest  upper  mesozoic  types.  On  the 
other  hand,  the  presence  of  nummulites,  and  the  general  aspect  of  the 
mollusca,  indicate  a  lower  eocene  age.  The  only  fossils  which  have  been 
critically  examined  are  the  corals  and  echinoderms.  In  neither  case  is  the 
result  decisive,  but  the  corals  comprise,  out  of  a  total  of  50  species,  7 
species  identical  with  Europ  ean  eocene  species  and  5  closely  allied  to 
forms  found  on  that  horizon  or  in  slightly  newer  rocks. 

In  the  Mari  hills  of  eastern  Baluchistan  the  base  of  the  strata  regarded 
as  nummulitic  is  marked  throughout  by  a  peculiar  pseudo-conglomerate 
which  has  also  been  recognised  in  the  Gaj  river  in  Sind  on  the  one  hand 
and  in  the  southern  portion  of  the  Suliimin  range  on  the  other.  It  has 
the  appearance  of  being  composed  of  subangular  fragments  of  dark  grey 
limestone,  imbedded  in  a  limestone  matrix  of  paler  colour,  both  matrix 
and  pebbles  containing  numerous  small  nummulites,  though  no  difference 
can  be  traced  between  the  forms  found  in  the  two  portions  of  the  rock. 
The  resemblance  of  this  rock  to  a  true  conglomerate  is  especially  striking 
in  the  sections  near  Khattan,  but  the  similarity  of  the  fossils  found  in  the 
apparent  pebbles  and  in  the  matrix,  the  comparative  uniformity  in 
thickness  of  this  band,  which  lies  among  fine  grained  shales,  the  absence 
of  any  known  rock  from  which  the  pebbles  could  be  derived,  and  the 
presence  of  every  gradation  from  the  most  conglomerate  like  form  to  a 
merely  mottled  limestone,  all  point  to  the  structure  being  in  some  way  ot 
concretionary  origin.* 

Above  the  pseudo-conglomerate,  which  has  been  accepted  as  the  base  of 
the  tertiaries,  there  comes  a  great  thickness  of  green  and  grey  shales  with 
interbedded  impure  sandstones  which  are,  as  regards  both  their  litho- 
logy  and  stratigraphical  position,  the  equivalent  of  the  R^nikot  group  in 
Sind,  but  owing  to  the  fossils  not  having  been  examined  and  the  homo- 
taxis  verified,  they  have  as  yet  been  provisionally  described  as  the  Ghizij 
group.*     Along  the  outcrop  of  this  group,  from  Mach  in  the  Bolan  pass  to 

'  W.  T.  Blanford,  Memoirs,  XX,  149,  (1883) ; 
R.D.Oldham.   Records,   XXIII,  94.  (1890). 


>  A  detailel  list  will  be  found  in  Memoirs, 
XVII,  197*  (1879).  The  corals  and  echinoderms 
are  described  in  Pal,  Indica,  series  xiv,  I, 
pts.  2and3,  (1880-S6). 


3  Records,  XXliI,  95,  (1890). 
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Hurnai,  coal  seams  are  found  near  top,  which  attain  a  maximum  thickness 

of  about  three  feet  and  have  proved  of  great  economic  importance  in  a 

country  where  fuel   is  so  scarce.    The  distribution  of  the  coal  seams  is 

peculiar.     Besides  the   localities  mentioned,  coal  has  been   found  north  of 

the    Thai  Chotiali   plain  and  in  the  Luni    Pathin   country   to  the  east,  in 

every  case  close  to  the  western  limit  of  the  known  exposures  of  this  group, 

while   to  the  eastwards  the  group  ceases  to  be  coal  bearing.     As  the  coal 

seams  were  doubtless  formed  in  marshes  near  the  margin  of  the  sea,  and 

ns  the  only  rocks  known  westwards  of  the  present  limit  of  the  group  are 

either  older  or  very  much  newer,  it  would  seem  that  the  original  western 

limit  of  deposition   cannot  have  been  far  removed  from  the  present  limit 

of  outcrop,  at  any  rate,  in  the  country  east  of  Quetta. 

Further  north,  in  the  SuliimSn  range,  very  similar  shales  are  found 
iinmediately  overlying  the  upper  cretaceous  sandstone,  but  they  differ  from 
^^what  is  seen  in  the  southern  sections  in  the  prevalence  of  a  red  colour 
t.liroughout  the  greater  portion  of  the  thickness  of  the  shales. 

In  both  these  areas  the  relation  of  the  lowest  tertiary  to  the  underlying 
eds  is  one   of   perfect  conformity,  and    they  form  part   of  a  continuous 
ystem  of  deposits  with  the  upper  cretaceous  beds^  as  has  been  mentioned 
n  the  last  chapter. 

The  Rdnfkot  group  in  Sind  is  overlaid  by  the  Kirthar  group,  so  called 
"rem  the  frontier  range  of  hills  of  that  name.  Though  inferior  in  thick- 
ess  to  several  other  subdivisions  of  the  tertiary  series  in  Sind,  this  group 
cizomprises  by  far  the  most  conspicuous  rock,  the  massive  nummulitic  lime- 
stone which  forms  all  the  higher  ranges  in  Sind.  It  forms  the  crest  of  the 
irthar  range  throughout,  and  all  the  higher  portions  of  the  Lakhi  range, 
f  the  Bhit  range  south-west  of  Manchhar  lake,  and  of  several  smaller 
K"idges,  and  consists  of  a  mass  of  limestone,  varying  in  thickness  from  a 
•ew  hundred  feet  in  lower  Sind  to  about  1,000  or  1,200  at  the  Gaj  river, 
5ind  probably  2,000,  or  even  3,000,  farther  north.  The  colour  is  usually  pale, 
either  white  or  grey,  sometimes,  but  less  frequently,  dark  grey,  the  texture 
varying  from  hard,  close,  and  homogeneous,  breaking  with  a  conchoidal 
fracture,  to  soft,  coarse  and  open.  Ordinarily  the  nummulitic  limestone 
is  tolerably  compact  but  not  crystalline,  and  chiefly  composed  of  Fora- 
mint/era^  especially  whole  or  fragmentary  Nummuliies  \  corals,  echino- 
derms,  and  molluscs  also  abound,  but  the  two  latter  very  frequently  only 
weather  out  as  casts. 

Throughout  northern  Sind,  except  near  Rohri,  no  beds  are  seen  be- 
neath the  Kirthar  limestone.  The  remarkable  range  of  low  hills,  surround- 
ed by  Indus  alluvium,  and  extending  for  more  than  forty  miles  south  from 
Rohri,  consists  of  nummulitic  limestone,  having  a  low  dip  to  the  westward, 
and  a  considerable  thickness  of  pale  green  gypseous  clays,  with  a  few  bands 
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of  impure  dark  limestone  and  calcareous  shale,  is  exposed  benerth  the  lime- 
stone forming  the  eastern  scarp  of  the  hills,  on  the  edge  of  the  alluvial 
plain.  No  Foraminifera  have  been  found  in  these  beds,  although  Num- 
mulites  abound  in  the  limestone  immediately  overlying.  Several  species  of 
mollusca  occur,  but  none  are  characteristic,  and  it  is  far  from  clear  whether 
the  green  clays  and  their  associates  are  merely  thick  bands  intercalated  in 
the  limestone,  or  whether  they  belong  to  a  lower  group.  Probably  these 
argillaceous  beds  of  the  Rohri  hills  represent  some  of  the  marls,  shales 
and  clays  forming  the  lower  portion  of   the  upper  Kirthar  group  on  the 

Gdj  river. 

In  some  places  west  of  Kotri  a  band  of  argillaceous  and  ferruginous 
rock  is  found  close  to  the  base  of  the  Kirthar  group.  It  is  mainly  composed 
of  brown  haematite,  weathers  into  laterite  and  appears  to  be  found  over  a 
considerable  area  near  Kotri  and  Jerruck. 

It  has  already  been  mentioned  that  the  Kirthar  limestone  rests  uncon- 
formably  on  the  R^nikot  group  in  the  Lakhi  range.  The  Kirthar  group 
here  cannot  be  much  more  than  500  or  600  feet  thick,  and  consists  en- 
tirely of  limestone.  To  the  south-east,  towards  Kotri  and  Tatta,  there  is 
no  unconformity  between  the  R^nfkot  and  Kirthar  groups;  on  the 
contrary  there  is  an  almost  complete  passage  between  the  two,  and  the 
limestone  of  the  latter  becomes  much  split  up  and  intercalated  with  shales 
and  sandy  beds.  This  is  even  more  the  case  further  to  the  south-east  in 
Cutch,  where  the  whole  group  consists  of  comparatively  thin  beds  of 
limestone,  interstratified  with  shales.  To  the  south-west  the  massive 
limestone  dies  out  altogether,  and  although  it  is  well  developed  in  the 
southernmost  extremity  of  the  Kirthar  range  near  Karchat,  about  50 
miles  south  of  Sehwin,  it  disappears  entirely  within  a  distance  of 
12  or  14  miles,  and  is  entirely  replaced  by  shaly  limestones,  shales, 
and  thick  beds  of  sandstone  in  the  ranges  on  the  Hab  river.  Some 
rather  massive  beds  of  nummuliferous  dark  grey  limestone,  very 
different  in  character  from  the  pale  coloured  Kirthar  limestone,  are 
found  west  of  the  Hab,  but  their  precise  position  in  the  series  is  not 
known,  and  the  rocks  appearing  from  beneath  the  Nari  group,  in  the 
place  of  the  Kirthar  limestone,  consist  of  shales  and  sandstones,  with 
some  calcareous  bands  abounding  in  nummuliies,  and  closely  re- 
sembling, both  in  character  and  in  the  species  of  Foraminifera  they 
contain,  the  nummulitic  shales  beneath  the  massive  limestone  on  the 
Gaj  river. 

The  most  characteristic  fossils  of  the  Kirthar  group  are  Nummiilites  and 
Alveolinai  the  extraordinary  abundance  of  individuals  rendering  it  usually 
easy  to  recognise  even  small  fragments  of  the  rock  by  the  organisms 
preserved  in  it.  Many  of  the  species,  and  especially  the  Foraminifera^ 
are   characteristically   eocene,    and  there  can  be  no   question    that   the 
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nummulitic  limestone  of  India  is  a  continuation  of  the  same   formation 

in  Europe.     Several  species  pass  from  the  Rinfkot  beds  into  the  Kirthar 

g^rotip;  indeed,  the  palaeontological  differences  between  the  two   appear 

to  be  principally  due  to  a  change  of   conditions    from    the  shallow  muddy 

ivater  of  the  Rdnfkot  to  the  deeper  clear  sea  of  the  Kirthar  beds. 

The   result   of    Messrs.    Duncan   and   Sladen's    examination    of    the 
echinoderms  does  not  altogether  bear  out  the  conclusions  regarding  the 
rtf  la-tion  between  the  Kirthar  and  Rdnikot  groups  expressed  above.    They 
found   no  less  than  63  out  of  70  species  being  peculiar  to  the  group,  and 
tlie  horizon  of  the  remaining  7,  which  are  supposed  to  have  been  obtained 
from  the  Rinikot  group,  is  very   doubtful.^     Caution   is,   however,    neces- 
sary in  applying  the  palaeontological    results  obtained  from  a  single  order 
of  animals,  and  the  conclusions  based    on   the  general  palaeontology  and 
stratigraphy  of   the  two  groups  may  be  accepted  in  spite  of  this  apparent 
ntradiction. 


In  eastern  BaluchistcLn  the  Kirthar  limestone  appears  to  be  largely  de- 
veloped   in  the    Mari   hills  and    south  of  the  Bolan    pass,    having   been 
given  the   local  name  of  Spintangi  in  this  region.    Between  Hurnai  and 
uetta  it  has  been  very  much  reduced  in  thickness  by  denudation  previous 
the  deposition  of  the  Siwiliks.     The  relation  of  the  Kirthar,  or  Spin- 
t-i^rigi^  limestone  to  the  underlying  shales  is  one  of   perfect   conformity  by 
*  ■^t^rstratification,  and  there  is  reason  to  believe  that  to  a  certain  extent 
^He  Spintangi  and  Ghizij,  or  Kirthar  and  Rinfkot,  groups  merely  represent 
^  afferent  conditions  of  deposition  and  are  partly  of  contemporaneous  origin. 
The  Spintangi  limestone  has  frequently  a  nodular  structure  that  makes 
^^    'W'eather  into  an  aggregate  of  rounded  lumps,  easily  mistaken  for  a  conglo- 
•"■^erate;  so  much  so  that  three  practised  geologists  have  each  recorded  the 
^•^ct  that,  after  crossing  the  boundary  of  the  Siwilik  conglomemtc  in  the 
^olan  pass,  they  walked  for  spme  distance  over  the  nummulitic  limestone 
"^fore  discovering  the  change. 

Another  peculiarity  of  the  group  in  the  Mari  hills  is  the  occurrence  of 
^Hick  beds  of  gypsum,  interstratified  with  the  clear  limestones  and  green 
^*^ales.     The  thickness  of   these   beds  in  the  country  east  of  Khattan  is 
'^^ry  considerable,  one  bed  of  50  feet  thick,  besides   four  others   aggre- 
gating 33,  having  been  seen  near  Mamand.'     Whether  they  were  originally 
^^^posited  as  gypsum,  or  are  due  to  the  subsequent  alteration  of  limestone 
^^^ds,  their  occurrence  among  distinctly  marine  beds  is  not  easy  to  account 
^^r.    On  the  east  flank  of  the  Suliimin  range  the  Kirthar  group  does   not 
appear  to  bt;  present  in  its  characteristic  form,  but  some  thin  beds  of  white 
Nummulitic  limestone  overlying  the    shales   regarded    as   the   probable 
^^uivalent  of  the  R^nikot  group  may  represent  it. 


^  Pal.   Indica,   Scries   »iv.    I,    pt.  3,    p.  245,       ^  Riccids,  XXV,  24,(1892) 
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In  western  Rijputina  two  outcrops  of  nummolitic  rocks  are  known, 
the  larger  one  north-west  of  Jaisalmer,  the  smaller  ne^r  Koilath,  thirty  miles 
west-south-west  of  Bikaner.  The  rocks  represented  are  a  white  num- 
muliferous  limestone,  resembling  that  of  the  Kirthar  groop  of  Sind^  and 
shaly  beds,  mostly  grey  and  impregnated  with  salt,  though  a  very  fine 
grained  pale  buff  coloured  fuller's  earth  is  also  found  and  quarried  for 
export  under  the  name  of  Multani  mitti.  In  Jaisalmer  a  bed  of  feiru- 
ginous  lateritic  rock,  like  that  found  near  Kotri,  is  associated  with  the 
nummulitics.  The  rocks  of  these  exposures  resemble  thoie  of  the  Kir- 
thar group  as  seen  east  of  Sukkur,  and  there  is  good  reason  to  suppose 
that  they  are  of  the  san>e  age  and  indicate  an  easterly  extension  of  the 
nummulitic  sea,^ 

Ihe  series  of  tertiary  rocks  above  the  Kirthar  nummulitfc  limestone  is 
superbly  developed  and  very  well  seen  in  the  hills  on  the  frontier  of  upper 
Sird  whose  culminaling  ridge  is  known  as  tl  e  Kirthar.  The  names  of 
the  tertiary  groups  overlying  the  nummulitic  formation  have  consequently 
been  derived  from  places  in  this  range,  and  the  Nari  group  takes  its  title 
from  a  stream  which  traverses  the  lower  portions  ol  the  range,  where 
it  is  composed  almost  entirely  of  Nari  beds,  for  a  considerable  distance, 
and  issues  from  the  hills  west  by  north  of  Sehwan.*  The  present  sub- 
division comprises  at  its  base  the  uppermost  bands  of  limestone  contain- 
ing NummulfteSj  the  species  A^.  garansensis  and  A^.  sublan*igata 
being  distinct  from  those  so  commonly  found  in  the  Kirthar  sub- 
division, and  the  limestone  itself  is  usually  distinguished  by  its  yellowish 
brown  colour,  and  by  being  in  comparatively  thin  bands,  interstra- 
trfied  with  shales  and  sandstones.  Several  other  fossils,  besides  the 
numniulites,  differ  from  those  in  the  Kirthar  beds.  Not  unfrequently, 
however,  there  is  an  apparent  passage  from  the  white  or  greyish  white 
Kirthar  limestone  into  the  yellow  or  brown  Nari  rock,  and  the  two  groups 
appear  always  to  be  perfectly  conformable,  but  no  intermixture  of  the 
characteristic  species  of  nummuhtes  has  been  detected,  and  the  division 
between  the  Kirthar  and  Nari  beds  can  always  be  recognised  by  the  fossil 
evidence. 

In  some  places  the  lower  Nari  beds  consist  almost  entirely  of  brown 
and  yellow  limestones ,  but  more  frequently  the  limestone  bands  are 
subordinate,  dark  shales  and  brown,  rather  thinly  bedded,  sandstone 
forming  the  mass  of  the  rocks.  The  limestone  bands  are  often  confined 
to  the  base  of  the  group,  and  always  diminish  in  abundance  and  thickness 
above,  although  they  are  occasionally  found  as  much  as  1,500  feet  above  the 
top  of  the  Kirthar  group.  These  shales  and  fine  sandstones,  with  occasional 
bands  of  limestone,  constitute  the  lower  Naris,   and  pass  gradually   into 

»  Records,  XIX,  159  (1886),  \  «  Memoirs,  XVll,  49r  (i879>. 
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the  coarser,  massive,  thick  bedded  sandstones  that  form  the  greater  portion 
of  the  group,  and  attain  a  thickness  of  4,000  or  5,000  feet.  On  the  flanks 
of  the  Kirthar  range  a  few  bands  of  clay,  shale,  or  ironstone,  are  inter- 
strsLtified  with  the  sandstones,  and  bands  of  conglomerate  occasionally 
occur.  The  Nari  beds  in  their  typical  form  extend  throughout  the  eastern 
flank  of  the  Kirthar  range,  and  occupy  a  belt  of  varying  width,  from  one 
or  t^o  miles  to  as  much  as  ten  miles  in  breadth,  between  the  underlying 
KirtLar  and  the  overlying  Gaj  beds. 

On  the  western  side  of  the  Bhagotoro  hills,  foor  or  five  nules   south  of 
Sehwan,  there  is  a  break  in  the  Nari  beds,  and  some  variegated  shales, 
<^Jays,  and   sandstones,  richly  tinted   in  parts  with  brown  and  red,  which 
represent  the  upper  Nari  sandstones,  rest  unconformably  on   the  denuded 
edges  of  the  lower  Nari   limestones  and  shales.     The  break  is  evidently 
loca.1.    To  the  east  of  the  Lakhi  range  the  Nari  beds  are  entirely  wanting, 
^^d    it  appears  very  possible  that  they  have  never  been  deposited   in  this 
Portion   of  the   Indus  valley.      From  the   neighbourhood    of   Sehwan  to 
Jerruck,  the  Manchhar  beds  rest   with  more  or  less  unconformity   on  the 
'^"rtliar,  a  very  faint   and    imperfect   representative    of    the    Gdj  group 
ocrcasionally  intervening.     But  west  of  the  Lakhi  range,  throughout  lower 
Sind,  the    Nari  beds  are   exposed   almost  wherever   the  base  of  the  Gaj 
group  is  seen  ;  they  increase  in  thickness  to  the  westward,  and   the  Hab 
valley,  from  the  spot  where  the  river  first  forms  the  boundary  of  British 
^^rritory  to  the  sea,  consists  entirely  of  these  strata.     There  is,  however, 
"o    longer  any  such  marked  distinction  between   the  subdivisions  of  the 
^^rtiary  series  as  is  found  in  the  Kirthar  range.      The  disappearance  of 
the    Kirthar  limestone   has  already  been  mentioned,  and  with  it  the  lower 
^^ri  limestones  also   disappear,   so  that  it  is  no  longer  possible  to  draw  a 
^'stinct  line  between  the  two  groups.     The  two  groups  can  still  be  traced, 
^*though  the  dividing  line  between   them  is   obscured,  as    the    calcareous 
sha.les,   with  the  characteristic  Kirthar  nummulites   below,    and  the  mas- 
sive   Nari    sandstones   above,   are   still    recognisable.      Beds   of    brown 
"nr^estone,  too,  full  of  Orbitoides papyracea  or  O.fortisi^  occur  in  the  Nari 
"^ds   of  the  Hab  valley,  but  instead  of  being  found  at   the   base,  they 
appear  in  the  middle  of  the  group.     Again,  just  as  there  is    a  difficulty  in 
^^stinguishing  the   Naris  from    the    Kirthars  at  their  base,   so  the  beds 
^^  the  top  of  the  former  group  cm  only  be  separated  by  an  arbitrary  line 
^'om  the  overlying  Gij  beds.     In  the  Kirthar   range  the  upper  boundary 
^\  the  Nari  group,  although  there  is  no  unconformity,  is  distinct  and  defi- 
^^tie,  limestones  with  marine  fossils  of  the  Gaj  group  resting  immediately 
^pou  the  upper  Nari  sandstones.  But  in  southern  Sind  bands  of  limestones 
^^     calcareous  sandstone,  with  marine  fossils,    some  of  which  are    well 
^^rked  Gdj  species,  occur  in  the  upper  part  of   the   Nari  group,  whilst 
^^estone  bands  with  the    Nari    Orbitoides  papyracea   are  found  in    the 
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The  sandstones^  which  form  so  large  a  portion  of  the  Nari  group 
in  upper  Sind,  have  hitherto  pro\ed  destitute  of  animal  remains,  but 
the  occasional  interstratitications  of  shales  and  clays  often  contain 
fragments  of  plants,  and  some  ill  marked  impressions,  probably  due  to 
fucoids,  have  been  found  in  the  sandstones  themselves.  There  appears 
a  probability  that  these  sandstones  may  be  of  fluviatile,  and  uot  marine 
origin,  and  although  some  species  pass  from  the  Kirthar^  and  even 
from  the  Rinikot,  group  into  the  lower  part  of  the  Nari  group,  the 
fauna  is  chiefly  distinct  and  marks  a  higher  horizon.  The  most 
marked  change  is  in  the  Forantinifera^  because  they  are  so  abundant 
and  characteristic,  whole  beds  of  limestone  towards  the  base  of  the 
Nari  group  being  entirely  made  up  of  three  species,  distinct  from  those 
occurring  in  the  Kirthar  group,  Nummulttes  garansensis^  N.  sud/antgata 
and  Orbitoides  papyracea,  the  last  named  frequently  of  large  size,  and 
reaching  two  or  three  inches  in  diameter.  One  of  these  species  of  Nunt' 
muliies  {N,  garansensis)  is  of  importance,  because  it  occurs  in  Europe, 
as  in  Sind,  in  the  highest  strata  characterised  by  the  abundance  of  the 
genus,  those  beds  being  at  the  base  of  the  miocene.  Nutnmulites 
sublxvigata  is  peculiar,  so  far  as  is  known,  to  India. 

Several  of  the  molluscs  and  echinoderms  of  the  Nari  beds  also,  such  j 
as  Siliquaria  grantij  Solarium  affinej  Venus  granosa^  and  Clypeaster  — 
profundus^  show  distinctly  miocene  affinities,  and  some  of  these  pass  u] 
into  the  Gij  group.  At  the  same  time  there  are  so  many  eocene  form«^ 
present,  such  as  Natica  patula^  N,  sigaretina^  Oi^trea  flabeliula^  VolnU 
jugosUf  etc.,  that  it  is  somewhat  difficult  to  decide  to  which  subdivisioi 
the  Nari  beds  should  be  assigned.  They  probably  occupy  an  intermediat*-,^ 
position,  corresponding  to  the  oligocene  of  continental  geologists,  a  coi 
elusion  which  is  borne  out  by  the  detailed  examination  of  the  corals  ai 
echinoderms. 

The    lower   Nari   limestone  is  found   in   its   typical  form  as  far  nor 
as   Bibi  Ndni   in    the    Bolan  pass,    where   it   is   overlaid   by  some    gr 
sandstones   and  mottled  beds,  which  probably  represent  the  upper  N 
of  Sind.     The  lower  Nari  limestone,   with    NummulUes  garansensts, 
subicevigaia  and  Orbitoides  papyracea^  has   not  been  found  north  of  tl 
but  to  the  north  of  the   Gandahiri  hill,  20  miles  east  of  Dera  Bugti, 
along  the  eastern  slopes  of  the  Suliimcin  range,  a  series  of  sandstones, 
subordinate  bands  of  conglomerate  and  clay,  occupy  a  position  intermed 
between  the  upper  eocene  and  the  overlying Siwaliks.    They  are  descri 
as  apparently  conformable  to  both,  and  were  regarded  by  Ur.  Blanforc 
probably  the  equivalents  of  the  upper  Nari  of  Sind. 


Resting  upon  the  Nari  group,  almost  throughout  SinJ,  and   fornr 
the  base  of  the   upper  tertiary  series,  there  is  found  a    mass  of  hii 
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ossiliferous  limestones  and  calcareous  beds,  usually  more  or  less  shaly, 
thvciys  distinctly  stratified,  and  easily  distinguished   from  the  limestones 
»f  the  older  tertiary  formations  by  the  absence  of  nummulites.     A  superb 
fection  of  the  strata  forming  this  group  is  exposed  on   the  banks   of  the 
Ij  river,  from  which  its  name  is  derived.* 
On  the   eastern  flanks  of  the  K irt ha r  range  in  upper  Sind,  the  Gdj 
[roup  forms  a  conspicuous  ridge,  the  hard  dark  brown  limestone  bands 
«ear  the  base  of  the  formation  resisting  the  action  of  denudation  far  trore 
^han  the  soft  sandstones  of  the  Nari  beds,  and  rising  every  here  and  there 
into   peaks    of    i,coo   and    1,500   feet,    or  even     more,  scarped    to  the 
^^^estward  and   sloping  to  the  east,   Amra,  the  highest  summit  of  the  G4j 
«idge,  being  2,700  feet  above  the  sea.     Still,  the  limestone  bands,  although 
conspicuous,  are  subordinate,  the  greater  part  of  the  group  consisting 
>f  sandy   shales,    clays  with  gypsum,  and  sandstones   towards    the    base. 
Many  of  the  bands  of  limestone  appear  very  constant  in  position  and  may 
toe  tract  d  for  a  long  distance ;  they  are  dark  brown  in  colour  as  a  rule, 
tout  one  bed  is   white   and  abounds   in  corals  and   small   Foraminifera 
K^rbiioides)^  whilst  some  of  the  darker  bands  contain  Echinodermata  in 
i^rge  quantities. 

The  uppermost  poition  of  the  group  is  usually  argillaceous,  being 
cfciefly  composed  of  red  and  olive  clays  with  white  gypsum,  and  these  beds 
pass  gradually  into  precisely  similar  strata  belonging  to  the  overlying 
Manchhar  groop.  'I  h:t  passage  beds  contain  Corbuia  trigonalis^  Lucina 
i^^iplodonta)  incerta  Tellina  subdonacialis,  Arta  /a rkanens/s,  snuongst 
^^her  fossils,  such  as  Turritelia  amgulata^  and  forms  of  Osirea  and 
^lacuna. 

All  of  these  have  allies  living  in  estuaries  at  the  present  day.  Area 

^9^anosay  a  recent  representative  of  A.  larkanensisy  being  one  of  the  cora- 

*^onest  and  most  typical  of  Indian  estuarinc  moUusca.     To  these  estuarine 

P^^sage  beds  further  reference  will  be  made  presently  when  the  relations 

^f  the  Manchhar  to  the  G4j  beds  are  discussed. 

The  Gij  beds  at  the  G^j  river  are  very  nearly  1,500  feet  thick,  but 
they  appear  to  be  less  developed  to  the  northward  in  the  Kirthar  range, 
^nd  not  to  be  much  more  than  half  the  thickness  named  west  of  L^rkh^na, 
^here,  however,  they  are  nearly  vertical  and  have  prol>ably  suffered  from 
pressure.  la  lower' Sind,  the  G4j  group,  like  the  Nari,  disappears  to  the 
eastward  of  the  Lakhi  range,  where  it  is  either  entirely  wanting,  or 
^Ise  represented  by  a  thin  band  at  the  base  of  the  Manchhar  group, 
Containing  one  of  the  characteristic  fossils,  Osirea  muUicostata.  There 
*^»  however,  a  very  large  area  of  Gij  beds  north  and  north-east  of 
•^ardchi,  and  the  appearance  of  the  formation  here  is  somewhat  different 
•I'oai  what  it  is  in  the  Kirthar  range,  for  the  greater  portion   of  the  group 

•  itemoirsy  XVII.  53,  (1879). 
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consists  of  pale  coloured  limestones,  almost  horizontal  ordipping  at  very  low 
angles,  and  forming  plateaux  400  or  500  feet  high,  bounded  by  steep 
scarps,  which  rise  from  the  low  ground  of  the  soft  Nari  sandstones  east  of 
the  Hab  valley.  A  low  range  of  hills,  formed  of  Gdj  beds,  extends  to  ihe 
south-west,  past  the  hot  spring  at  Pir  Mangho  (Mugger  or  Manga  Pir)  to 
the  end  of  the  promontory  known  as  Cape  Monze,  and  the  same  beds  form 
the  low  hills  east  and  north*east  of  Karachi,  and  furnish  the  materials  of 
which  the  houses  of  the  town  are  mostly  built.  A  small  island  called 
Churna,  in  the  sea  west  of  Cape  Monze,  also  consists  of  GA'y  rocks.  To 
the  northward  the  G^j  area  of  lower  Sind  extends  with  very  irregular 
outline  to  the  neighbourhood  of  Tong  and  Karchat,  almost  due  west  of 
Hdla,  and  there  are  several  outliers  farther  north,  connecting  the  southern 
portion  of  the  group  with  the  typical  outcrop  in  the  Kirthar  range. 
East  of  Karachi,  G4j  beds  extend  in  the  direction  of  Tatta,  until  they 
disappear  with  the  other  tertiary  rocks  beneath  the  alluvium  of  the 
Indus.  It  is  quite  possible  that  the  present  group,  as  well  as  the  Nari, 
never  was  deposited  in  the  neighbourhood  of  Kotri  and  Jerruck. 

It  has  been  already  stated  that  the  Gaj  beds,  throughout  the  greater 
portion  of  the  Kirthar  rpnge,  rest  conformably  upon  the  Nari  group, 
although  there  is  a  change  in  mineral  character,  and  that,  in  lower  Sind, 
the  passage  from  one  group  into  the  other  is  gradual,  calcareous  bands, 
with  G4j  fossils  such  as  Ostrea  multicostata  and  Pecien  subcotneus^ 
being  found  interst ratified  with  the  uppermost  Nari  sandstones.  At  one 
place,  however,  near  Tandra  Rdhim  Khin,  west  by  north  of  Sehwan,  the 
outcrop  of  the  G4j  beds,  here  dipping  at  a  high  angle  to  the  westward, 
runs  nearly  in  a  straight  line  across  the  mouth  of  a  valley,  composed  of  a 
deep  synclinal  of  the  Nari  group  between  two  anticlinal  ridges  of  Kirthar 
limestone.  As  the  G4j  beds  do  not  share  the  synclinal  curve  of  the  Naris, 
it  is  difficult  to  see  how  the  two  can  be  conformable,  but  an  examination 
of  the  boundary  between  the  two  groups  failed  to  show  any  clear  evidence 
of  unconformity.  There  are,  however,  some  places  south  of  Sehwan 
where  the  G«Lj  group  overlaps  the  Nari  beds  and  rests  upon  the  Kirthar 
limestone,  but  it  must  be  recollected  that  the  Gdj  group  is  itself  overlapped 
by  Manchhar  beds,  in  the  immediate  neighbourhood. 

The  commonest  and  most  characteristic  fossils  of  this  group  are  Ostrea 
multicostata  ^  and  Breynia  carinaia.  There  cannot  be  any  question  that 
the  GA]  fauna  is  newer  than  eocene ;  some  of  the  species  are  recent  (for 
instance,  Dosinia  pseudoargus  is  identical  with  the  recent  D,  exasperata), 
and  it  is  probable  that  many  others,  when  they  are  compared  with  recent 
forms  more  carefully  than  Jias   hitherto  been  done,  will  prove  to    be   the 


'  It  is  not  quite  certain  whether  this 
species  is  identical  with  the  European  form, 
but  it  is  certainly  the  shell  figured  by  Messrs. 


D'Archiac  and  Haime.  There  is  another 
species  known  by  the  same  name  and  found 
in  tiiassic  beds  in  Europe. 
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same  as  living  species.  Several  genera,  too,  as  Maretia^  Breynia 
Meomay  Echinodiscus  ClyfeasteVy  Ciadocoray  and  Mycedium^  are  rare  or 
tiaknown  in  the  older  tertiaries,  and  there  is  almost  a  complete  diappear- 
ance  of  eocene  forms,  very  few  species  being  common  even  to  the  Nari 
l)eds. 

The  only  mammal  yet  obtained  from  the  G4j  beds  is  Rhinoceros  siva-- 
JeNsis — a  species  found  also  in  the  Siwiliks. 


The  highest  subdivision  of  the  tertiary  series  in  Sind  was  originally 
named  ^  from  a  large  lake,  the  Manchhar,  a  few  miles  west  of  Sehwan,  but 
there  can  no  longer  be  any  doubt  that  in  age,  as  well  as  mode  of  origin, 
tiiey  are  part  of  that  system  of  pliocene  fresh  water  deposits  which,  under 
the  name  of  Siwilik,  ranges  round  the  extra-peninsular  area  from  Sind 
to  Burma.  It  will  be  well,  however,  to  retain  the  local  name  in  the 
description  of  the  Sind  Siwiliks. 

The  Manchhar  series  of  Sind  consists  of  clays,  sandstones,  and  conglo- 
merates, and  attains  a  thickness  of  but  little,  if  at  all,  less  than  10.000  feet 
ill  places  on  the  flanks  of  the  Kirthar  range.     Although  it  is  difficult  to 
draw  an  absolute  line  between  the  subdivisions,  the  whole  group  may  be 
divided,  wherever  it  is  well  exposed,  into  two  portions.    The  lower  consists 
mainly  of  a   characteristic  grey  sandstone,  rather  soft,  moderately  fine 
grained,  and  composed  of  quartz,  with  some  felspar  and  hornblende,  to- 
gether with  red   sandstones,  conglomeratic  beds,  and,  towards  the  base, 
red,  brown,  and  grey  clays,  the  latter,  however,  being  much  less  largely 
developed  than  in  the  upper  subdivision.     The  conglomeratic  beds  chiefly 
contain  nodules  of  clay  and  of  soft  sandstone,  apparently  derived  from 
beds  precisely  similar  to  those  of  the  typical  SiwilikSp  but,  so  far  as   has 
bten  observed,  do  not  contain  any  fragments  derived  from  the  older  tertiary 
rocks,    no    pebbles   either   of   the  characteristic  G^j  limestones  or  of  the 
still  more  easily  recognised   numraulitic  limestone  of  the  Kirthars  having 
6een  noticed  in  the  beds  of  the   lower  Manchhars,   although  both  abound 
in  the  upper  strata  of  the  group.     These  conglomeratic  beds  of  the  lower 
Manchhars  are  frequently  ossiferous,  the  bones  and   teeth   contained    in 
them  being,  however,  usually  isolated  and  fragmentary. 

The  upper  Manchhar  subdivision,  where  it  is  best  seen  on  the  flanks 
of  the  Kirthar  range  west  of  Lirkhina,  is  thicker  than  the  lower,  and 
consists  toA'ards  the  base  of  a  great  thickness  of  orange  or  brown 
<^lays,  with  subordinate  bands  of  sandstone  and  conglomerate.  The 
.ndstones  are  usually  light  brown,  but  occasionally  grey,  like  the  charac- 
ristic  beds  of  the  lower  subdivision.  The  higher  portion  of  this  upper 
Aibgroup  contains  more  sandstone  and  conglomerate,  and  ihe   whole  is 

^Memci^s.  XVU.  57,  U879). 
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capped  by  a  thick  band  of  massive,  coarse  conglomerate,  which  forms  a  con-* 
spicuous  ridge  along  the  edge  of  the  Indus  alluvium  throughout  upper  Sind. 
This  conglomerate  contains  numerous  large  pebbles  of  nummulitic  and 
Gaj  limestone,  together  with  fragments  of  quartzite  and  other  rocks  of 
unknown  origin.  Throughout  the  conglomeratic  beds  of  the  upper  Man- 
chhars,  pebbles  of  nummulitic  limestone  and  of  the  brown  G&j  limestone 
occur,  showing  that  these  older  tertiary  beds  must  have  been  upheaved 
and  denuded  in  the  latter  Siwilik  period,  although  there  is  a  complete 
passage  between  the  G4j  beds  and  the  lower  Manchhars. 

There  appears,  however,  good  reason  for  supposing  that  some  dis- 
turbance of  the  older  rocks  took  place  before  the  deposition  of  the  lower 
portion  of  the  Manchhargroup.  To  the  east  of  the  Lakhi  range  the  Manchhar 
beds,  themselves  disturbed,  rest  unconformably  on  the  beds  of  the  Kirthar 
group,  which  are  vertical  in  many  places,  so  that  it  is  manifest  that  the 
Kii  thars  had,  in  this  locality,  been  upheaved  before  the  deposition  of  the 
Manchhars.  The  presence  of  the  lower  portion  of  the  latter  series  appear- 
ing to  be  proved  by  the  occurrence  of  teeth  and  bones  of  the  same  mam- 
mals as  are  found  in  the  lower  Manchhars  elsewhere. 

In  one  case  a  few  estuarine  fossils  were  found,  near  the  Nari  stream, 
in  a  Manchhar  bed  300  or  400  feet  above  the  base  of  the  group.  The 
only  form  recognised  was  Corbula  /r/]f<7«/z//^,  already  mentioned  as  charac- 
teristic of  the  estuarine  passage  beds  between  Gdj  and  Manchhar.  With 
this  exception,  and  that  of  some  rolled  oyster  shells,  possibly  derived  from 
a  lower  formation,  no  marine  or  estuarine  fossils  have  been  observed  in 
the  Manchhar  beds  of  upper  Sind,  above  the  passage  beds  at  the  base  of 
the  group,  and  there  appears  every  reason  to  believe  that  the  group  is  of 
fluviatile  origin. 

In  lower  Sind,  however,  there  is  a  very  considerable  intercalation  of 
marine  or  estuarine  beds  with  the  Manchhars,  and  this  evidence  of  depo- 
sition in  saltwater  increases  in  the  neighbourhood  of  the  present  coast. 
Around  Karachi  beds  of  oysters,  and  sometimes  of  other  marine  or  estu- 
arine shells,  are  not  unfrequently  found  interstratified  with  the  Manchhar 
group.  There  is  also  some  change  in  mineral  character,  the  sandstones 
becoming  more  argillaceous  and  associated  in  places  with  pale  grey, 
sandy  clays  and  shales.  The  passage  from  the  G^j  beds  is  very  gradual, 
calcareous  bands  with  Gij  fossils,  such  as  Ostrea  multicostata  and  Pecten 
subcorneuSf  being  found  some  distance  above  the  base  of  the  Manchhar 
group. 

Although  there  is  no  difficulty  in  drawing  a  line  between  Manchhar  and 
Gdj  beds,  except  in  the  neighbourhood  of  the  coast,  everything  tends  to  show 
that  there  is  no  break  in  time  between  the  two,  the  lower  portion  of  the  upper 
group  being  an  estuarine  or  fluviatile  continuation  of  the  underlying  marine 
beds.     But  the  great  thickness  of    the   Manchhar  group  in   upper  Sind 
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alone  would  suffice  to  prove  that  a  considerable  period  of  time  must  have 
elapsed  during  the  deposition  of  this  formation,  and  it  is  far  from  improb- 
able that  the  lower  Manchhars  may  be  upper  miocene,  whilst  the  upper 
Manchhars  are  pliocene. 

The  Manchhar  beds  extend  along  the  age  of  the  alluvium,  and  form  a 
broad  fringe  to  the   Kirthar  range,  throughout  upper  Sind  from  west  of 
Shikdrpur  to  the   Manchhar  lake,  but  the  breadth  of  the  outcrop  varies 
greatly,  being  as  much  as  14  miles  where  broadest  west  of  LArkhinsL,  and 
diminishing  both  to  the  north  and  south.     As  already  noticed,  the  Man- 
chhars are  thickest  just  where  their  outcrop  is  widest ;  the  breadth  of  the  area 
occupied  by  them  is  not,  however,  due  simply  to  their  vertical  development, 
but  chiefly  to  their  forming  a  synclinal  and  anticlinal  roll  before  disappearing 
beneath  the  alluvial  plain,    whereas  in  other  parts  of  the  range  the  same 
beds  are  exposed  in  a  simple  section,  all  the  strata  dipping  to  the  east- 
ward.    To  the  north  the  section  is  complicated  by  faults,  but  to  the  south 
the  thickness  of  the  Manchhar  group  diminishes  greatly,  and  near  Tandra 
Rihim  Khin,  west  of  Sehwan,  although  both  upper  and  lower  subdivisions 
of  the  group  are  developed  and  the  uppermost  conglomerate  is  exposed,  the 
whole  thickness  of  the  Manchhar  strata  cannot  be  much  more  than  about 
3,000  feet.     The  Manchhar  beds  are  seen  west,  soiith,  and  east  of  the 
Manchhar  lake  ;  they  are  well  developed  and  occupy  a  large  plain  to  the 
east  of  the  Lakhi  range,  and  west  of  the  nummulitic  limestone  tract^  near 
Kotri  and  Jerruck,  they  re-appear  in  many  places  in  the  different  synclinal 
valleys  to  the  west  of  the  Lakhi  range,  and  they  occupy  a  considerable  tract 
of   country   east   and   north-east   of  Kardchi.     Throughout  these  areas  in 
lower  Sind  the  rocks  are  not  nearly  so  well  seen  as  to  the  northward,  the 
soft  sandstones  and  clays  of  the  Manchhar  group  having  been  denuded  into 
undulating  plains,  covered  and  concealed  in  general  by  the  pebbles  and 
sands  derived  from  the   comparatively   hard    older  tertiary  rocks  of  the 
neighbouring  hills,  and  it    is  far  more  difficult  than  in    upper  Sind    to 
distinguish  the  different  portions  of  the  group,  or  to  form  a  correct   idea 
of  the  thickness  of  strata  exposed. 


The  Manchhar  beds  extend  along  the  edge  of  the  sea  west  of  Karachi, 
almost  to  the  end  of  cape  Monze,  but  no  representative  of  this  formation 
is  seen  for  a  considerable  distance  to  the  westward  of  the  cape.  The 
greater  part  of  the  country  near  the  shores  of  Sonmiani  bay  consists  of 
alluvium,  and  the  few  exposures  of  rocks  are  older  tertiary,  or  perhaps 
cretaceous,  a  low  cliff  near  the  coast,  north  of  Gadclni,  being  apparently 
composed  of  subrecent  deposits.  But  west  of  Sonmidni  bay,  in  the 
neighbourhood  of  IlingUj,  a  well  known  place  of  Hindu  pilgrimage, 
there    are  high  hills   of  hard  greyish  white  marls  or  clays,  usually  sandy 
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often  highly  calcareous,  and  occasionally  intersected  by  veins  of  gypsum. 
With  this  clay  or  marl|  bands  of  shaly  limestone,  dark  calcareous  grit, 
and  sandstone  are  interst ratified,  usually  forming  but  a  small  portion  of 
the  mass,  although  their  greater  hardness  renders  them  conspicuous.  This 
marl  formation  extends  for  many  hundreds  of  miles  along  the  coasts  of 
Baluchistin  and  of  the  Persian  Gulf,  forming  great  horizontal  plateaux, 
surrounded  by  clifTs  of  whitish  marl  or  clay  and  capped  by  dark  coloured 
calcareous  grit,  at  the  headlands  of  Ras  Maldn,  Ormira,  and  Gwadar,  Ris 
MaUn  especially  being  a  table  land  rising  abruptly  to  a  height  of  2,000 
feet  from  the  sea.  These  remarkable  rocks  have  been  called  the  Mekr^u 
group  ^  from  the  name  usually  applied  to  the  littoral  tracts  of  Biluchistin. 

The  Mekrdn  group  is  of  shallow  water  marine  origin,  and  abounds  in 
moUusca,  echinoderms,  etc.,  many  of  the  species  being  apparently  the  same 
as  living  forms.  The  echinoderms  alone  haveas  yet  been  examined  in  detail, 
they  belong  without  exception  to  living  genera,  while  most  of  the  species 
are  very  closely  allied  to  recent  forms,  and  one  species  alone  is  doubtfully 
identical  with  a  GcLj  form.  The  general  facies  of  the  fauna  is  distinctly 
pliocene.* 

Although  there  is  no  resemblance  between  the  typical  Manchhar  beds 
and  the  characteristic  rocks  of  the  Mekrin  group,  nor,  from  the  widely 
different  conditions  under  which  the  two  formations  must  have  been  de* 
posited,  would  any  similarity  in  mineral  chaiacter  be  probable,  some  of  the 
soft  argillaceous  shaly  sands  in  the  Manchhar  beds  near  Karachi  closely 
resemble  some  similar  beds  in  the  Mekrdn  group  near  GwcLdar.  As  all 
that  is  known  of  the  geology  of  western  Ualuchistin  is  the  result  of 
brief  visits  to  a  few  widely  separated  points,  it  is  uncertain  to  what 
extent  the  rocks  of  Sind  extend  to  the  westward,  and  whether  any 
representatives,  of  the  G4j  group  especially,  exist  in  that  direction,  but 
it  appears  probable  that  the  marine  Mekrin  group  in  western  Biluchistin 
represents  the  fresh  water  Manchhar  series  of  Sind. 


The  only  fossil  remains  of  any  importance  hitherto  detected  in  the 
Manchhar  series  are  bones  of  mammalia,  and  all  that  have  been  recog* 
nised  belong  to  the  lower  Manchhars,  the  upper  subdivision  of  the  group 
having  hitherto  furnished  only  a  few  bones,  in  too  poor  and  fragmentary 
a  state  of  preservation  for  the  species,  or  even  the  genera,  to  be  deter- 
mined. The  few  estuarine  shells  found  in  the  lowest  Manchhar  beds  in 
upper  Sind,  and  a  portion  at  least  of  the  marine  fossils  procured  from  a 
similar  horizon  near  Karachi,  appear  to  be  Gaj  forms,  and  to  indicate  a 
close  connection  between  the  lower  Manchhars  and  the  underlying  group 

'  W.  T.  Blanford,  Records,  V,   43,  (1872);         »  Duncan  and   Sladen,  Pal.   Jndica,   series 


Eastern  Persia,  London,  1886,  11,  p.  462. 


xiv,  I,  pt.  iii,  p.  370,  (18^). 


3l8        GEOLOGY  OF  INDIA— EXTRA  HIMALAYAN  TERTIARY.     [Chap.  XIIL 

evidence  is  in  accordance  with  the  geological,  and  both  show  the  close 
connection  between  the  lower  Manchhar  beds  and  the  Gij  group. 

Further  north,  in  the  country  between  Sibi  and  Quetta  the  Siwaliks 
rest  with  a  slight,  but  distinct,  unconformity  on  the  Spintangi  limestone. 
There  is  everywhere  a  perfect  parallelism  of  stratification  between  the 
two  and  a  superficial  appearance  of  conformity,  but  on  a  close  examina- 
tion it  is  seen  that  there  are  slight,  though  distinct,  traces  of  erosion  at  the 
contact,  that  pebbles  of  nummulitic  limestone  are  found  near  the  base  of 
the  Siwdliks,  and  that  there  is  a  progressive  thinning  out  of  the  nummulitic 
limestone  from  east  to  west  by  removal  of  the  upper  beds.  The  lower 
Siwdliks,  which  are  conspicuous  on  the  section  in  the  Bugti  hills  further 
east,  are  represented  by  greenish  and  grey  sandstones  which  do  not  at- 
tain a  thickness  of  much  over  loo  or  200  feet.  Above  them  the  upper 
Si waliks  consist  principally  of  red  eaithy  clays,  with  interbedded  sand- 
stones, which  become  more  and  more  frequent  till  it  becomes  a  sandstone 
formation  with  subsidiary  bands  of  clay  and  conglomerate,  the  whole  capped 
by  a  great  thickness  of  strong  conglomerates. 

These  Siwiliks  extend  westwards,  in  the  country  intervening  between 
the  Bolan  and  Hurnai  routes  to  Quetta,  almost  to  the  Quetta  plain,  but 
their  original  western  extension  has  been  obscured.  In  the  valleys  of 
Quetta  and  Pishfn  there  are  some  deposits  of  conglomerates  and  red  clays 
which  have  in  places  undergone  considerable  disturbance,  and  have  been 
referred  to  a  Siwdlik  age.^  On  the  accompanying  map  they  have  been 
coloured  as  upper  tertiary,  but,  as  they  appear  to  be  distinct  in  age  and 
origin  from  the  Siwdliks  referred  to  above,  and  much  more  closely  con- 
nected with  the  recent  deposits,  their  description  will  be  deferred  to  a 
subsequent  chapter.* 

In  the  Bolan  pass,  in  the  Gandak  valley,  north-east  of  Quetta,  and 
doubtless  in  many  other  valleys  of  these  hills,  there  are  sandstone  and 
conglomerate  deposits  which  have  undergone  considerable  disturbance, 
and  dip  at  high  angles.  In  accordance  with  the  custom,  which  separates 
the  deposits  which  have  undergone  considerable  disturbance  from  the  un- 
disturbed  recent  deposits  that  unconformably  overlie  them,  these  have  been 
called  Siwdlik,  but  they  are  in  a  manner  distinct  from  the  older  Siwilik^ 
for  the  former  were  deposited  after  the  valleys,  in  which  they  lie,  had  been 
excavated,  while  the  latter  date,  in  this  neighbourhood,  from  a  time  when 
the  disturbance  qf  the  strata  and  consequent  elevation  of  the  hills  had  not 
commenced. 

In  the  Bugti  hills  and  southern  portion  of  the  SuUimdn  range,  the 
lower  Siwdliks,  which  attain  a  maximum  thickness  of  5,000  feet,  have  the 
appearance  of  lying  conformably  on  the  nummulitic  limestone.     They 

»  W.  T.  Blanford,  Memoirs,  XX,  117,  (1883).  I      «  Infra,  p.  416. 
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consist  of  moderatelj    soft,  fine  grained,  pepper  and  salt  grey,  sandstone, 
interstratlHed  with  conglomeratic  beds,  composed  of  fragments  of  clay  and 
soft  sandstone,  apparently  derived  from   contemporaneous  deposits,  im- 
bedded in  an  argillaceous  matrix  and   unaccompanied  by  any  pebble  of 
harder  rock.     Clay  beds  also  occur  and  are  usually  of  a  red  colour. 

.  In  the  lower  beds  of  this  group  vertebrate  remains  occur  in  consider- 
a.ble  abundance  near  Dera  Bugti,  among  which  are  Mastodon^  Rhinoceros^ 
.^inotherium,  Anthracothtrium^  and  Hyopotamus,  The  vertebrate  fauna 
has  a  distinctly  miocene  facies  and  is  associated  with  seven  species  of 
fluviatite  mollusca,  of  which  four  belong  to  the  genus  Unio^  two  to  Melania 
2i.nd  one  to  Paludina.  All  seven  are  extinct,  and  none  are  nearly  related 
^o  forms  now  living  in  western  India,  though  two  are  allied  to  species 
sstill  existing  in  Burma.  Three  of  the  species  of  Unio  are  aberrant  forms 
^%.*%ith  ribbed  shells^  exhibiting  a  superficial  resemblance  to  the  marine  genus 
lardtum^ 

East  of  the  Suliimdn  range  the  upper  Siwcilik  conglomerate  is  on  some 
ections  overlaid  by  a  more  recent  conglomerate  deposit,  which  has  been 
isturbed  and  dips  towards  the  plain  at  moderate  angles.  The  newer 
onglomerate  has  the  appearance  of  passing  upwards  into  the  recent 
eposits,  and  though  it  has  been  regarded  as  uppermost  Siwdlik  *  should 
robably,  like  the  disturbed  river  gravels  of  the  Bolan  valley,  be  more 
orrectly  classed  as  recent  than  as  tertiary. 


The  various  localities  referred  to  in  the  previous  passages  form  part  of 
ne  geological  province  throughout  which  the  lower  tertiaries  maintain  a 
ertain  constancy  of  character,  allowing  the  rock  groups  on  one  section 
o  be  recognised  on  another,  but  when  we  pass  northwards  to  the  Punjab, 
r  north-westwards  to  Afghanistan,  it  is  no  longer  possible  to  apply  the 
subdivisions  adopted  in  Sind,  and  a  fresh  classification  has  to  be  adopted, 
efore  passing  on  to  these  areas  it  will  be  well  to  notice  the  exposures 
o  the  east,  in  which  the  Sind  subdivisions  can  be  more  or  less  recognised. 
The  tertiary  rocks  in  the  Cutch  peninsula  occupy  a  belt,  varying  in 
readth  from  about  four  miles  to  twenty,  between  the  alluvium  near  the 
oast  and  th^  older  rocks  in  the  interior  of  the  country.  Tertiary 
ormations  also  fringe  the  Deccan  traps  and  Jurassic  beds,  on  the  borders 
f  the  two  openings  by  which  the  Rann  of  Cutch  communicates  with 
he  sea  east  and  west  of  the  province,  and  patches  of  the  same  tertiaries 
re  found  here  and  there  on  the  shores  of  the  Rann,  not  only  in  the  main 
K'egion  of  Cutch  itself,  but  also  around  the  detached  hilly  tracts  or  islands, 
I*atcham,  Kharir,   etc^  and  in   W^gad.     The   evidence   of   unconformity 

'  W.  T.  Blanford,  Memoirs,  XX,  162,  233,     |    «  W.  T.  Blaiiford,  Memoirs,  XX,  219,  (1883). 
<I883). 
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between  the  eocene  rocks  and  Ihe  Deccan  traps  is  very  strong  in  Cutch. 
The  lava  flows  which  appear  to  have  covered  the  greater  part,  if  not  the 
whole,  of  the  Jurassic  region  had  been  completely  swept  away  irom  the 
surface  of  the  country,  and  the  underlying  Jurassic  rocks  exposed  and 
largely  eroded  in  places  before  the  eocene  marine  beds  were  deposited.* 
Despite  this  evidence  of  unconformity,  there  is  every  appearance,  along 
the  southern  border  of  the  trap  area,  of  the  tertiary  beds  resting  conform- 
ably on  the  lava  flows  of  the  Deccan  period. 

The  tertiaries  of  Cutch  are  far  better  known  than  those  of  Gujdrdt  and 
Kdthiiwdr,  the  mateiials  for  the  first  descriptions  of  marine  fossils  from 
the  later  Indian  deposits  having  been  furnished  by  the  rocks  of  the 
first  named  province.  Attention  was  first  directed  to  the  Cutch  tertiaries 
through  the  labours  of  Captain  Grant,  who  carried  with  him  to  England 
a  considerable  collection  of  tertiary  organic  remains,  together  with  the 
Jurassic  fossils  mentioned  in  a  former  chapter.  In  accordance  with  the 
ideas  prevailing  amongst  geologists  at  the  time,  he  separated  nummulitic 
rocks  from  the  true  tertiaries  on  his  map,'  and  the  same  distinction  was 
preserved  in  the  description  of  the  fossils,  but  subsequently  all  the  forms 
described  were  classed  as  eocene  by  D'Archiac  and  Haime.'  When  the 
rocks  of  Cutch  were  mapped  in  1867-69  by  Wynne  and  Fedden,  and 
described  by  the  former,  it  was  found  that  several  distinct  groups 
could  be  recognised,  and  that  the  fossils  of  these  groups  differed,  and  it 
was  afterwards  discovered  that  the  groups  corresponded  very  closely  to 
those  determined  in  Sind.  The  succession  of  the  rocks  in  Cutch,  accord* 
ingto  Mr.  Wynne,  is  the  following,  the  probable  Sind  representative  being 
appended  in  each  case.  The  supposed  European  equivalents  differ  some- 
what from  those  originally  suggested  before  the  corresponding  beds  in 
Sind  had  been  examined*:— 


Cutch. 


.  Sind.  Enropcan  equivalenia. 

Alluvium,  blown  sand,  etc     ...         .    Alluvium,  etc.  Peistocene  ani  recent 

/ 1  Tr.r.«r  ♦«r»;,...,  joo  to  500  fl.  Maiichhaf      .  tlioc^ne       and       upper 

miocene. 


Upper  tertiary 
(unconformity). 


Argillaceous  group  800  to  i  ,200  „     G.^j     . 
Arenaceous  group  130  „     Nari  (?) 


)  Arenaceous  group 
Tertiary      / 


Stratified  traps 


Nummulitic  group 
Gypseous  shales 
^Subnummulitic 


•  700 ,:      Ktrthar 

•  '^°"]Rdnlkot 
.  100  ,,3 

.    Trap    . 


•  Miocene, 

•  Lower  miocene  an  f  upper 

eocene, 

,  Eocene 

.  Lower  eocene. 

.  Uppei  most  CI  etaceot4S. 


*  This  vievr    is    opposed  to   Mr.   Wynne's 
opinion.     He  considered  that  the  lower  eocene 
beds  are  conformable  to   the    traps,  and   that 
the  tiaps   never  existed   in  northern   Cutch. 
^Menwirs,  IX,  72,  (1872). 


'  Cejl.  Soe,  Trans.  2nd  series.,  V,  30D,  PI. 
XX,  (1840). 

'  Description  des  Animaux  Fossiles  dii  groupe 
nummuiitique  de  I'lnde,  Paris,  1853. 

*  Memoirs,  IX,  48,  (1872). 
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The  subiiammulilic  group  consists  cliicfly  of  peculiar  purple  and  red, 
mottled  with  white,  soft  argillaceous  beds,  latcrite  of  various  kinds,  and 
coarse  sandstones  distinguished  by  brilliancy  of  colouring,  white,  red, 
lavender,  purple,  and  orange  tints  prevailing.  There  are  also  some  shales 
with  impressions  of  leaves  and  carbonaceous  layers,  and  occasionally  wilh 
gypsum. 

Some  of  the  peculiar  argillaceous  beds  have  a  distinctly  volcanic  aspect, 

but  as  they  are  much  decomposed    it   is   impossible  to  say  that  they  are 

really  of  eruptive  origin.     The  occurrence  of  these  peculiar  beds  away  from 

the  traps,  in  places  where  there  is  good  reason  to  suppose   that   the    traps 

were  removed  by  denudation  in  pretertiary  times,  and  the   fact   that   beds 

reconsolidated  from  trap  fragmei.ts    must,   when   decomposed,   frequently 

be  undistinguishable  from  a  disintej^rated  eruptive  rock,  render  it  probable 

tbat  these  soft   mottled  beds   are  of  sedimentary  origin  and  composed  of 

the  detritus  of  volcanic  rocks.  Fossils  are  rare  in  the  subnummulitic  group 

which  extends  along  the  southern  e<lge  of  the  traps  in  Cutch,  overlapping 

the    volcanic    rocks    to   the  westward,    and  resting  upon   Jurassic  rocks 

near  Lakhpat.     The  same  group  is  represented  in    several   small  patches, 

deposited   upon  Jurassic  beds  on   the  borders  of  the  Rann,  both  on  the 

"^^inland  of  Cutch  and  on  some  of  the  detached  hills  or  islands,    especially 

south  of  the  hills  in  Patcham,  Kharir,  Bela,  and    Chorar,    and    intervening 

'"  the   hollow   between    two  ranges  on    the    first  named.     The  group   is 

novi'here  more  than  about  200  leet  thick,  and  it  frequently  does  not  exceed 

20  feet 

Above  the  subnummulitic  beds  there  are  in  places  from  50  to  100  feet 
^f  fine  laminated  shales,  bituminous  and  often  pyrilous,  with  fragments 
°'  vvood  and  leaf  impressions.  All  the  above  rocks  are  classed  by  Mr. 
**^ynne  apart  from  the  true  tertiaries,  and  with  the  bedded  traps.  It 
appears,  however,  more  probably  correct,  and  more  in  accordance  witn  the 
^S^ence  in  Sind,  to  consider  the  main  break  in  the  series  as  taking  place 
*^t\veen  the  traps  and  the  next  formation  in  ascending  order. 

The  gypseous  shales    form  a    local   and   unimportant  subdivision,    not 

•Ore    than  from  50  to  150  feet   in  thickness,  occurring  in  western  Cutch, 

'"^Und  the  Gaiia  hills  and  in  a  few  other  places.      They  consist  of  shales, 

^n  calcareous  nodular  bands  and    much   gypsum,   and    with  some    beds 

laterite.     Some  of  the  marly  beds    abound    in    Numtnuliies   and   other 

^^f I  mini/era^  oysters,  etc. 

.       'I'he  next  group  is    of   more    importance,   being   the   representative  of 

^  iTiassive  nummulitic  (Kirthar)  limestone  of  Sind.     In  Cutch  these  beds 

tw-*^^*^^  of  pale  yellow  and  white  impure  limestones,  in    bands   of  no   great 

'  *ckness,  interstratified  with  marls  and  sandy   beds.     The    upper    (K>rtion 

^nsists  chiefly  of  marls,  limestones  being  more  abundant  below  ;  Nummu^ 

^s,  Alveolinse,  and   echinoderms   of   several  kinds  abound    and  corals 
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and  mollusca  are  locally  common.  The  nummuliticsof  Cutch  are,  however, 
almost  confined  to  the  western  part  of  the  province,  and  occupy  a  band 
extending  from  Lakhpat  round  the  western  termination  of  the  Deccan 
trap  range  in  the  Gaira  hills. 

Upon  the  nummulitic  limestones  and  their  associates  there  is  usually 
found  a  thin  and  unimportant  band  of,  light  coloured  or  white  sand  and 
sandy  shales,  having  at  the  base  some  finer  dun,  or  blue  coloured,  silty 
shales.  These  sandy  beds  are  soft,  friable,  and  obliquely  laminated.  In 
the  lower  portion  of  the  group  the  carapace  of  a  small  crab  and  casts  of 
bivalve  shells  have  been  found,  in  the  upper  part  impressions  of  dicoty- 
ledonous leaves  occur.  This  group,  originally  described  as  the  arenaceous 
group,  corresponds  in  mineral  character  and  position  to  the  upper  Nari 
of  western  Sind. 

The  Gdj  group  of  Sind  is  represented  in  Cutch  by  what  was  originally 
described  as  the  argillaceous  group,  the  best  developed  and  most  fossili- 
ferous  of  the  tertiary  rock  groups  of  that  district,  and  it  is  this  group 
which  yielded  the  bulk  of  the  fossils  described  as  tertiary  in  the  ap« 
pendix  to  Captain  Grant's  paper,  although  it  appears  probable  that  there 
were  among  these  fossils  some  admixture  of  species  from  a  lower  horizon. 
Until  the  whole  of  the  Cutch  and  Sind  fossils  are  thoroughly  compared 
and  determined,  some  doubt  must  remain  as  to  the  original  horizon  of  a 
few  Cutch  species,  but  when  the  forms  are  common  to  the  Gdj  beds  of 
Sind,  and  are  not  known  to  occur  in  older  group  of  that  area,  it  may  fairly 
be  inferred  that  they  are  probably  restricted  to  the  same  horizon  in  Cutch. 

The  Gi],  or  miocene,  rocks  of  Cutch  consist  of  sandstones  at  the  base, 
with  a  few  nodular,  marly  and  ferruginous  bands  often  containing  Turri* 
tella^  Venus  granosa^  and  Corbula.  Above  the  sandy  beds  are  marly 
limestones  and  shales,  next  calcareous  grits,  and  then  a  considerable 
thickness  of  shales,  clays,  and  marls.  The  most  fossiliferous  beds  are  the 
marly  limestones  and  shales.  Only  the  echinoderms  from  these  beds  have 
as  yet  been  critically  examined,  and  of  i6  species  no  less  than  8  are  also 
known  from  the  G4j  group  of  Sind,  one  being  Breynia  carinata^  one  of  the 
most  characteristic  G4j  forms. 

The  miocene  beds  are  more  extensively  developed  in  Cutch  than  are 
the  nummulitics.  They  are  found  not  only  in  the  west  of  the  province 
around  the  extremity  of  the  Jurassic  and  trap  area,  but  eastwards,  resting 
upon  the  subnummulitic  group,  as  far  as  about  half  way  across  the  province. 
To  the  westward,  however,  the  present  group  is  overlapped  by  the  next 
in  ascending  order. 

The  representative  of  the  Siwilik  rocks  in  the  sub*HimaIiyan 
tract,  and  of  the  Manchhar  beds  in  Sind,  appears  to  be  widely  developed 
in  Cutch,  and  covers  a  large  area,  but  it  is  very  ill  seen,  being  greatly  con- 
cealed by  alluvial  deposits.    The  principal  beds  are  more  or  less  ferruginous 


324      GEOLOGY   OF    INDIA— EXTRA    HIMALAYAN  TERTIARY.       [Chap.  XIII. 

discovery  of  fossil  mammalian  bones  by  the  Baron  von  Hugel  in  1836. 
According  to  the  most  recent  examination  these  bones  are  found  in  the 
conglomerate  bands,  but  principally  in  a  conglomerate  bed  which  lies 
considerably  below  high  water  level  and  is  obscured  by  a  thick  covering  of 
mud  for  the  greater  part  of  the  year.  Duiing  the  months  of  April,  May 
and  June,  however,  the  south-east  end  of  the  reef  becomes  scoured  and 
free  from  mud,  and  specimens  of  fossil  bones  can  be  found.  As  in  all  other 
Indian  localities  for  fossil  bones,  the  first  collectors  found  a  rich  harvest 
in  the  accumulation  of  ages,  while  their  successors  have  to  be  content  with 
but  occasional  and  fragmentary  specimens.^ 

The  known  mammals  from  Perim  island  comprise  ten  species,  of  which 
four.  Mastodon  latidensy  M,  pefimensis^  Rhinoceros  pertmensts,  and 
Sus  Aysudn'cuSf  2LTe  common  to  the  Siwilik  beds.  All  these  forms  are, 
however,  found  in  other  fossil  faunas  ;  Mastodon  perimensU  and  Sus 
hysudricus  being  met  with  in  the  lower  Manchhar  beds  of  Sind,  Rhi- 
noceros perimensis  in  the  Irawadi  deposits,  and  Mastodon  lattdens  in 
both,  so  that  ail  the  forms  common  to  Perim  island  and  the  Siwiliks 
are  clearly  species  of  wide  range.  The  absence  of  Elephas  and  its  sub- 
genera, and  of  bovines,  and  the  presence  of  Dinothcrium^  tend  strongly 
to  make  the  Perim  island  fauna  appear  of  greater  age  than  the  Siwllik 
generally,  but,  on  the  other  hand,  the  presence  of  so  highly  specialised 
a  genus  as  Capra^  if  the  generic  determination  be  accepted,*  the  occur- 
rence of  Camelopardalis  and  Ant  Hope  ^  and,  above  all,  the  absence,  so  far 
as  is  known,  of  Anthrucotherium^  Hyopotamus  BnA  other  older  ungulate 
types  so  abundant  in  the  miocene  beds  of  Sind  and  the  Punjab,  are  op- 
posed to  the  idea  that  the  Perim  island  rocks  can  be  of  higher  antiqOity 
than  pliocene.  They  possibly  occupy  an  intermediate  position  between 
the  Siw^liks  proper  and  the  Manchhars  of  Sind,  but  they  are  more  nearly 
allied  to  the  former. 

Jn  the  north-western  portion  of  the  K^thiiw^r  peninsula  the  fossili- 
terous  Gaj  beds  are  overlaid  by  what  have  been  described  as  the  Dwarkl 
beds.  They  consist  of  soft  yellow  earthy  or  marly  clays,  gypseous  in  part, 
overlaid  by  more  or  less  marly  or  arenaceous  limestones,  generally  soft 
and  porous,  largely  composed  of  Foraminifera  cemented  by  calcite,  or  ot 
comminuted  shells  and  corals.  No  recognisable  fossils  have  been  found 
in  these  beds,  and  their  relation  to  the  underlying  fossiliferous  miocene 
beds  was  not  determinable;  it  is  probably  one  of  conformity  in  spite  of 
the  sudden  change  of  lithological  character* 


'  F.  Fedden,  Memoirs,  XXT,  39,  (1884)  ;  *«« 
also  V/.  T.  Blanford,  Memoirs,  VI,  374,  (1869). 

'  It  should  not  be  forgotten  that  Capra 
Perimensis   is    founded  solely     on    a  frontlet 


with  the  horn-cases,  and  that  nothing  is  known 
of  the  greater  part  of  the  cranium,  the  teeth 
or  the  limb  bones.  See  Lydekker,  Pal.  Ituiica, 
serios  x,  I,  S2t  170,  PI.  xxviii,  fig.  4,  (1884). 
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Turning  to  Afghdn-Turkistdn,  there  appears  to  be,  as  in  Sind,  a  perfect 
conformity  between  the  cretaceous  and  tertiary  beds.     In  the  synclinal  of 
Mathar,  100  miles  south-east  of  Balkh,  the  upper  cretaceous  limestones  are 
overiaidby  sandstones  and  greenish  shales  in  which  no  fossils  were  found, 
except  an  Exogyra  and  Cerithiuni^  and  some  fucoid  markings   and  badly 
preserved   remains    of    fishes    and    crustaceans.     These    beds ;    may    be 
regarded   as  eocene ;  they  are   overlaid  by  red   sandstone,  with   a  few- 
clay  bands  and,  towards  the  top,  conglomerates  composed  principally  of 
pebbles  of  upper  cretaceous  limestone,  covered  by  a  great  thickness  of  sand- 
stonesand  shales,  containing  a  few  fresh  water  shells  and  passing  upwards 
inta  soft  gypseous  clays  .^ 

Besides  the  exposures  in  synclinal  basins  within  the  hills,  a  zone  of 

tertiary  beds  is  found  all  along  the  edge  of  the  alluvium  of  the  Oxus  val- 

'e>^-        Here,  however,  the  eocene  clays  are  wanting  and  the  red  beds  with 

conglomerates  rest  directly,   in  apparent  conformity,  on  the  upper  creta- 

ceoi_as  limestone.     They  pass  upwards  with  a  gradual  transition   into  the 

r^cr^ut  deposits,  and  in  the  upper  portion  of  the  section,  there  occur  beds 

wHicrh  are  undistinguishable  from  the  recent  wind  blown  loess  of  the  Oxus 
va.llej.« 


Tlie  northern  extension  of  the  Suldimdn  range  has  not  been  examined 
geologically,  but  there  is  good  reason  to  suppose  that  the  fringe  of  Siwdlik 
r^c^lcs  is  continuous  with  great  area  of  tertiary  deposits,  extending  from 
^^^  xiorth-west  corner  of  the  Punjab  along  the  outer  edge  of  the  Himalayas 
^^  title  border  of  Nepdl.  The  general  descripti6n  of  the  Himalayan  terti- 
ari^s^  ^jth  which  must  be  included  those  of  the  north-west  corner  of  the 
P^^njab,  will  be  deferred  to  the  following  chapter,  but  it  will  be  well  to 
^oticre  in  this  phce  a  portion  of  the  Kohdt  district  west  of  the  Indus, 
^^l^^re  the  lower  tertiaries  exhibit  some  peculiarities  not  noticed  elsewhere 

The  eocene  rocks  are  well  developed  in  this  region,  and  the  section 
^'^jxz^sed,  although  only  a  few  miles  distant  from  parts  of  the  Salt  range, 
^^flf^rs  in  some  important  points.  The  following  is  abridged  from  Mr. 
^^ymie's  summary  of  the  rocks  exposed  : — ^ 

Thickness  in  feet, 

upper  sandstones. — Soft,  grey  sandstones,  clays  and 
pj^  \     conglomerates    •••••••       500  to  1,500 

^xocene  .  {  Lower  sandstones.^HsiT^eT  grey  and  purple  sand- 
stones, bright  red  and  purple  clays,  slightly  cal- 
careous and  pseudoKionglomeratic  bands      •         .    3,000  to  3,500 


,  S.'  ^-  Griesbach,  Records  XIX,  255.  (1886). 
•    ^-  Cricsbach,  Records ^  XIX,  257,  259, 


(1886). 
■  Wynne,  Memoirs^   XI,  loi,  (1875). 

Y2 
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j   Vfpfr  nummtditic—  Nuitimulitic limestoneandsome 
I       shaly  bands       ....... 

I   Red   clay  ggne,   or   Ivmer   nummulitic.—Red   clay, 
]       lavender  coloured  near  the  top,  occasionally  with 

■  1  NummiiiiUs.  The  lower  portion  of  the  red  clays 
/  in  places  is  partly  or  wholly  replaced  by  fossilifer- 
[  ous  sandstones,  tliick  ^eenish  clays  and  bands  of 
V  limestones,  all  containing'  NummulHits 
(Cypmm.—^\H\e,  grey  or  black  g^p^um  with  bands 
\     of  clay  or  shale  ...  .  , 

■  ■{RiKk    i<i/^  —  Thickbeds  o(  sail,  almost  pure.    The 


150  to  400 
50  10300 
300  to  700 

■^  <  1,300). 

Tlie  region  examinod  is  the  hilly  tract  north  of  the  Rannn  plain  and 
of  the  Chicliiili  hills,  and  extending  from  the  Indus,  on  the  east,  to  the 
HrilisJi  fiontier.  The  ground  is  traversed  by  a  series  of  east  and  west 
ranges,  chiefly  formed  oE  crushed  and  broken  anticlinals  of  the  nummulitic 
limestone  and  the  associated  rocks. 

The  rock  salf  and  gypsum  at  the  base  of  the  tertiary  series  in  the 
Kohjt  region  are  very  important  and  remarkable.  I  he  salt  consists  of 
.1  more  or  less  crystalline  mass,  usually  grey  in  colour,  with  transparent 
patches,  and  never  reddish  like  the  salt  of  the  Salt  range.  A  feu  earthy 
bands  occur,  liut  the  portion  of  the  whole  mass  too  impure  to  be  worked 


Fig.  i8.-HiU  of  rock  salt,  200  ft.  high,  at  Bahddor  Khe!,  after  Wynne 


(or  commercial  purposes  is  but  small,  although  there  is  no  attempt  at 
rcliiiing  the  salt,  which  is  exported  for  sale  in  the  form  in  which  it  is 
niiiird.     In  some  places  the  uppermost  layer  is  dark  coloured,  almost  black, 
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^m,nd  bituminous.  The  quantity  of  salt  is  something  marvellous  ;  in  the 
,^fiticlinal  near  Baliddur  Khcl  alone,  rock  salt  is  seen  for  a  distance  of 
bout  eight  miles,  and  the  thickness  exposed  exceeds  1,000  feet,  the  width 
i  the  outcrop  being  sometimes  more  than  a  quarter  of  a  mile.     As  a  rule, 
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Fig.  19.— Section  ihrougVi  the  Bahddur  Kliel  salt  locality,  after  Wynne. 

tli^     salt  contains  sulphate  of  lime   (gypsum),  but  none  of  the  potassium 
^nd   magnesium  salts  of  the  Salt  range  beds. 

-Above  the  salt  come  gypsum  and  clays,  as   in  the  Salt  range,  but  the 

c^^> lours,  white  and  grey,  are  very  different,  and  the  whole  appearance, of  both 

s^It    and  gypsum,  is  so  distinct  from  the  Salt  range  marl    that,  although 

tli^i-e    is  no  indication  of  salt  beds  at  a  higher  level  in  the  Salt   range 

<t-?%^lf^  and  although  the  outcrop  of  the  salt  marl  close  to  Kilabagh  on  the 

'*^c3  %js  is  only  eighteen  miles  from  one  of  the  Kohit  rock  salt  regions,  it 

^P^p^^ars  probable  that  the  salt  bearing  rocks  in  the  Kohclt  district  may 

^^lc:>ng  to  a  very  different  horizon  from  that  occupied  by  the  same  miner- 

^  ^^   in  the  Salt  range  series,  a  supposition  supported  by  the  fact  that  a  great 

^^■^i^s   of   mesozoic   and  palaeozoic  beds   intervenes,  throughout  the  Salt 

ge,  between  the  nummulitic  group    and  the  salt  marl,  whilst  in  Kohit 

former  rests  with  apparent  conformity  upon  the  gypsum  and  salt.     It 

3r  no  means  certain  that  the  Kohdt  salt  and  gypsum  are  eocent,  but,  in 

absence   of   any  evidence  to  the  contrary,   it  appears  best  to  class 

rm  with  the  nummulitic  beds  immediately  overlying  them.^ 

Overlying  the  gypsum,  there  is  usually    found   a   thick    bed    of  deep 

clay,    whose   eocene    age   is  proved  by  the    occasional  occurrence  of 

mulites   in  the  upper  portion.     Sometimes  the  red  clay  is  wanting,  and 

rently  replaced  by  grey  or  olive  coloured  clays,  marls,  and  limestones 

tiaining     nummulites,    but    the    replacement    is    not  clearly   proved. 

*^<:>ve  the   red    clay  zone   come  earthy    limestones,     clays,  and    shales 

^^^^1>.    nummulites.     The  main    band    of  limestone    is    very   much  thinner 

^^'^^    in  the    Salt   range,  but  is,  as  usual,  massive,  pale  coloured,  and   full 

ummuliteSy  Alveolina^  etc.     The  overlying  formation,  consisting  of 

cistones  and  clays,  in  which  dark  red  and  purple  colours  predominate, 

^^^eds  all  the  eocene  beds  in  thickness,  and  is  probably,  like  the  sand- 

^*liese  Conclusions  would  have  to  be  modi-     the  salt  and  gypsum  is  adopted,  — see   supra, 
^     if  the  hypothesis  of  hypogene  origin  of     p.  iii. 
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stones  and  clays  overlying  the  nummulitic  limestone  of  the  Salt  range, 
really  of  much  later  age  than  the  limestone  on  which  it  rests. 

Pebbles  of  nummulitic  limestone  are  said  *  to  be  found  in  the  lowest 
beds  of  the  sandstone,  and  some  reptilian  bones  (not  determined),  silici- 
fied  fossil  wood,  and  a  few  ill  preserved,  ribbed,  bivalve  mollusca  have 
been  found,  but  no  characteristic  organic  remains.  The  beds  resemble 
those  of  the  Murree  group  and  pass  upwards  into  undoubted  newer  tertiary 
(Siwdlik  or  Manchhar)  strata  of  the  usual  character,  the  red  colours  be- 
coming  rarer,  and  the  usual  drab  grey  sandstones  and  orange  or  drab  clays 
being  the  prevailing  rocks. 

When  traced  in  a  westerly  direction  towards  Thai,  the  eocene  beds 
are  said  to  change  in  character,  the  limestones  being  replaced  by  hard 
sandstones  and  greenish  grey  or  purple  shales  and,  en  the  right  bank  of 
the  Kuram  river  opposite  Thai,  volcanic  beds  occur  among  them.  1  he 
beds  are  said  to  be  penetrated  and  indurated  by  intrusions  of  a  dark 
coarse  crystalline  trap,  and  besides  the  intrusions  agglomerates  and  fine 
grained  tufaceous  trappean  beds  are  found  in  alternating  layers.*  No 
other  occurrence  of  volcanic  beds  in  the  eocene  of  northern  India  is  known, 
and  as  the  Thai  locality  was  visited  under  circumstances  extremely  un- 
favourable for  geological  investigation,  too  much  importance  must  not  be 
attached  to  the  observations. 


No  lower  tertiary  rocks  are  known  south  of  the  great  snowy  range  of 
the  Himalayas,  between  the  small  outliers  folded  among  the  pretertiary 
slates  in  western  GarhwAl  and  their  re-appearance  on  the  southern  side 
of  the  Assam  range.  Nearly  the  whole  of  this  tract  of  the  Himalayas  is 
inaccessible  to  geological  observation  and  it  cannot  consequently  be 
stated  with  confidence  that  the  lower  tertiaries  are  altogether  wanting, 
but  the  general  run  of  their  northern  boundary,  in  the  north- west  portion 
of  the  Himalayas,  appears  to  indicate  that  the  eocene  coast  line  trended 
south  of  the  present  limit  of  the  Himalayas,  and  makes  it  improbable 
that  any  lower  tertiary  marine  beds  would  be  found  east  of  Garhwil^  even 
if  the  country  now  inaccessible  were  open  to  observation. 

At  the  western  extremity  of  the  Giro  hills  the  nummulitic  deposits 
contain  only  one  thin  band  of  limestone  about  40  feet  thick,  resting  conform- 
ably upon  the  cretaceous  sandstone.  Even  this  limestone  is  often  earthy, 
nodular,  and  ochreous,  with  shaly  partings,  the  purer  portion  bring  generally 
formed  of  a  mass  of  Nummulites granulosa^  \\\  various  stages  of  growth.  The 
series  generally  exhibits  a  shallow  water  type  and  an  approach  to  the  original 
margin  of  the  eocene  sea.     Throughout   the  formation  there  are  no  clear 

I  A.  B.  Wynne,  Memoirs,  XI,  170,  (1875).     I    «  A.  B.  Wynne,  Becords,  XII,  iii,  (1879). 
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directly  upon  the  surface  of  the  Cherra  sandstone,  without  any  sign 
of  denudation,  and  the  bedding  is  parallel,  having  a  southerly  slope 
of  three  degrees.*  The  fossils  from  this  limestone  were  determined 
by  Dr.  Stoliczka;  portions  of  the  reck  consist  ahnost  entirely  of  small 
specimens  of  Operculina  canalifera^  Nummulites  lucasana^  and 
N^  ra?nondi\  both  the  last  species  very  small,  species  of  echinoderms, 
fragments  of  oysters,  Pec  ten  ^  Cardium  salteri  and  fragments  of  Natica 
Ccrithium^  Turritella^  etc.* 

Close  to  the  north  of  the  coal  hill,  the  nummulitic  beds  occur  again  in 
equal  thickness^  under  the  native  town  of  Cherra  Punji.  The  limestone 
is  not  seen  here,  but  this  may  be  partly  due  to  concealment.  The  num^ 
mulitic  sandstone  forms  the  highest  ground  of  the  plateau  from  Cherra 
Punji  to  beyond  Surarim.  Carbonaceous  markings  are  frequent  in  it, 
and  at  Lairangao,  four  miles  north  of  Cherra  village,  there  is  a  workable 
seam  of  coal.  It  is  at  about  the  same  height  over  the  cretaceous  sandstone 
as  the  seam  at  Cherra,  but  the  underlying  beds  are  all  sandstone 
and  shr^le,  except  one  bottom  bed  of  limestone,  resting  on  the  Cherra 
sandstone.  In  this  limestone  bed  Operculina  canalifera  and  Nummulites 
lamarcki  are  very  common  ;  with  these  occur  a  TrochocyathuSy  Stylocoenia 
vicaryiy  Echinolampas  spheroidaliSy  a  small  Cardita^  Pecten^  Naiica  roualti^ 
Keilostoma  marginatum^  a  Ziziphinus^  the  small  Cerithium  hookeri^  casts 
of  a  large  Natica^  Certthium  and  Terebellum? 

Under  Surarim,  only  a  inile  from  Lairangao,  this  bottom  bed  of  lime- 
stone is  wanting,  being  apparently  overlapped  by  the  carbonaceous 
sandstones,  which  themselves  come  to  an  end  in  a  low  bluff,  two  miles 
further  north,  near  where  the  road  bifurcates. 

In  the  corresponding  section  on  the  Bogapdni,  below  Chela,  there  is  a 
coaly  layer  in  the  sandstone  just  over  the  bottom  limestone,  which  may 
sufficiently  establish  the  identity  of  these  two  bottom  bands  with  those  on 
the  plateau  above,  the  marine  bed  having  increased  in  thickness,  and 
this  marine  character  is  here  strongly  stamped  upon  the  whole  series. 

in  the  Khisi  hills,  at  least  on  the  Cherra  section,  the  northern  thinning 


^  This  Htlle  olateau  at  Cherra  offers  a  re- 
markable  in:>tance  of  a  form  of  denudation 
that  is  not,  perhaps,  taken  sufficient  account 
of  in  geological  explanations.  The  scarp  is 
very  regular  and  well  defined  at  many  points  ; 
but  the  upper  surface  of  the  area,  about  a 
square  mile  in  extent,  is  a  chaos  of  tilted  masses 
of  the  upper  sandstone.  This  is  clearly  due 
to  the  more  or  less  complete  removal  by  solu- 
tion of  the  supporting  limestone.  Colonel 
Godwin-Austen  has  described  a  much  larger 
instance  of  this  form  of  denudation  in  the 
G^ro  hills,  where  a  considerable  enclosed  catch- 
ment   basin   is   drained   underground.  — y(7Mr. 


As.  Soc,  Beng.,  XXXVIII,  pt.  ii,  21,  (1869). 
'  Memoirs,  VII,  167,  (liSg),  The  fos=.ils  de- 
scribed from  eastern  Bengal  by  MM.  D'Archiac 
and  Haime  in  their  "Gruupe  Nummulitique  de 
I'Inde"  were  all  from  the  Khdsi  bills ;  but  their 
specimens  were  so  mixed,  probably  even  inclu- 
ding fossils  from  the  cretaceous  beds,  that  the 
value  oi  their  identitications  is  dou  tful.  As 
the  authors  themselves  remark — "  On  volt  qu'il 
y  a  un  certain  vague  dans  les  rapports  d«* 
plusieurs  des  assises  que  nous  venous 
d'indiquer.'*  — /.  r.,  p,  177. 

*  These    fossils    were    determined    by     Dr- 
StoHczka,  — 3/^yMo/rs,  VII,  167,  (1869). 
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75  feet  of  solid  coal,  and  some  very  thick  seams  have  been  traced  for  more 
than  a  mile  without  diminution.  The  sandstones  and  shales  often  contain 
nodules  and  layers  of  clay  ironstone.  Earthy  and  ferruginous  limestone 
occurs  sparingly  in  thin  concretionary  bands,  also  some  layers  of  hard 
tough  magne&ian  limestone.  The  coal  measure  shales  decompose  into  a 
very  tenacious  blue  clay,  differing  in  this  respect  from  the  Disang  shales, 
which  are  more  clunchy. 

On  the  interesting  question  of  the  age  of  these  very  important  and 
extensive  coal  measures,  there  is  little  evidence  for  opinion  and  that  little 
suggests  a  middle  tertiary  horizon.  The  coal  itself  is  a  true  coal  of 
superior  quality,  not  lignite,  as  is  attested  by  its  composition — 

Fixed  Volatile  .  ,. 

carbon.  matter.  '*■"• 

Average  composition  of  27  Assam  coals        •    6o'o         36*2  3'S 

Ditto  of  17  Raniganj  coals     .    51*1  32*6  16*3 

It  is  not  unlike  the  nummulitic  coal  of  the  Khisi  hills,  and  quite  unlike 
the  cretaceous  coal,  which  maintains  its  peculiar  characteristics  into  close 
proximity  to  the  Assam  fields.  The  only  fossils  found  in  the  seams 
are  bad  impressions  of  dicotyledonous  leaves  and  no  trace  of  animal  life 
has  been  seen  in  any  of  the  associated  rocks.  The  strongest  point  in  the 
argument  is  the  closely  transitional  relation  between  the  measures  and  the 
Tipam  sandstone,  which  is  a  very  typical  representative  of  the  Siwilik 
rock,  and  almost  undoubtedly  belongs  to  the  upper  tertiary  period.  In 
the  Khisi  hills,  as  in  the  Punjab,  the  nummulitic  coal  occurs  near  the 
very  base  of  the  formation.  There  are  about  1,000  feet  of  marine  nummu- 
litics  above  the  coal  bed  in  the  Tharia  section,  but  the  upper  Assam 
coal  measures,  if  they  are  nummulitic  at  all,  would  seem  to  belong  to  the 
upper  limits  of  the  series. 

The  nummulitic  beds  in  the  Giro  hills  pass  into  the  upper  tertiaries, 
which  may  here  be  divided  into  a  lower  group  of  fine  grained  sand 
stones  with  marine  fossils,  and  an  upper  unfossiliferous  group  of  rusty 
sandstones,  variable  in  grain,  with  grey  scales.  These  uppermost  tertiary 
beds  have  not  yielded  any  fossils  to  recent  observers,  but  in  1821  Mr.  Cole- 
brooke  read  to  the  Geological  Society  of  London  *  some  observations 
on  these  rocks  by  Mr.  David  Scott,  then  Commissioner  of  Kuch  Behar. 
In  those  days  the  Brahmaputra  flowed  at  the  foot  of  the  hills,  and  at  one 
spot  on  the  left  bank  Mr.  Scott  found  some  fossils.  The  exact  locality 
is  not  given,  but  it  was  somewhere  between  the  Kdlu  and  Mahendraganj 
(or  Karibiri),  probably  nearer  the  latter  place.  The  position  in  the  series 
is  not  known,  but  it  seems  certain  that  the  bed  belonged  to  the  rocks  of 
the  hills,   not  to  the   older  alluvium,  for  it  is  described  as  at  the  foot  of  a 

*■  Geol.  Transit  series  ii,  I,  132,  (1824). 


Cliap.  XIII.]  UPPKRIER  MARIES  OF  ASSAM.  333 

small  hill,  rising  about  twenty  feet  over  the  general  elevation  of  the  plain. 
Tfac  fossils  were  a  strange  mixture  of  marine  with  land  and  fresh  water  forms, 
and  amongst  them  Mr.  Pentland  described^  the  teeth  of  Anthracotherium 
sf/g'sirense,  a  species  that  has  since  been  found  in  the  Manchhar  (upper 
miocene)  beds  of  Sind.* 

The  change  of   character   that  is  so  marked   in   the  cretaceous   and 

nummulitic  deposits  from  west  to  east  has  not  been  observed  in  the  upper 

tertiaries  ;  there  certainly   can    be  no   striking  feature  of  this   kind.     A 

ni3.ssive  soft  greenish  sandstone  is  the  most  prominent  rock.    It  is  some- 

wlia.t  like  the  common  Siwdlik  rock,  but  more  earthy  and  of  darker  hue. 

The    associated  beds  are  mostly  grey  shales,  unlike  the  brown  and  ochrey 

clays  of  the  sub-HimdIayan   series,  and  the  fossils  show  that  even  at  the 

w-estcrn  end  of  the  range  the  deposits  are,  in  part  at  least,  marine.     In  Mr. 

Scott's  notes  of  the  section  on    the  Brahmaputra,  local   contortions   are 

noticed,    and   this  condition    increases    eastwards.      On    the   Sumesari, 

nearly  sixty  miles  further  east,  where   the  tertiary  zone  is   fourteen  miles 

w'ide,  the  state  of  disturbance  is  still  only  partial.'    At  the  southern   edge 

of  the  hills  the  dip  is  40°  to  the  south,  in  very  new  looking  strata,  there 

is   tjten  a  broad  band  in  which  the  beds  are  flatly  undulating,  after  which 

they  rise  again  with  a  steady  and  increasing  southerly  dip. 

Nothing  like  a  general  unconformity  in  the  tertiary  series  was  noted  in 
the   section  of  the  Sumesari. 

Further  east  lies  the  ground  described  by  Colonel  Godwin- Austen  on  the 
confines  of  the  Gdro  and  Khisi  areas,  where  the  upper  tertiary  rocks  have 
^^^n  almost  denuded  away  from  the  base  of  the  range,  the  little  that  is  left 
^^  them  being  nearly  vertical.  Here,  too,  is  the  transition  ground  of  the 
P*"^Arailing  marine  type  of  deposits  in  both  the  cretaceous  and  nummulitic 
^*^>^^.t:a.  Here  a  partial  unconformity  was  noticed  between  these  formations 
^'^^i  this  is  the  only  position  in  the  western  part  of  the  range  where  the 
"F^per  tertiaries  have  been  found  on  the  plateau  inside  the  line  of  dis- 
^^^t>ance.  The  summit  of  Nongkuiang  hill  (2,070  feet)  is  formed  of 
'^^-•s^y  sandstones  and  shales,  resting  horizontally  upon  the  undisturbed 
*^*^«^rimulitic  limestone.  In  a  collection  of  fossils  from  these  beds,  sent  by 
^  ^^lonel  Godwin-Austen,  Dr.  Stoliczka  found  the  genera  Co?ius,  Dolium^ 
^-^^^9 talium^  Cardita^  Cardium,  Tellina^  NuculUy  Leda,  Cucullxa,  and 
^^^"^^iral  others,  and  he  remarked  that  none  of  the  species,  so  far  as 
^^ Cognisable,  appeared  to  be  identical  with  those  known  from  the  num- 
''^ clitic  beds  of  the  same  district.  1  his  fact  suggests  that  these  detached 
^<is  on  the  heights  may  be  an  overlap  of  some  beds  of  the  series 
■^^Sher    than   those   that   seem   to  be    in  transitional   sequence  with   the 

^     aeoL  Trans.,  series  ii,  II,  393,  (1829).  ]      '  Memoirs,  VII,  193,  (1869). 

Records,  X,  77,  (187;). 
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uummulitics  in  the  sections  to  the  west.  This  view  is  strengthened 
by  the  fact  that  Colonel  Godwin-Austen  observed  some  cases  of  local 
denudation  unconformity  between  these  fossiliferous  sandstones  and  the 
nummulitic  limestone,  the  strata  being  still  quite  pars^llel.^ 

The  exposure  of  upper  tertiaries  south  of  the  Giro  hills  narrows  in  an 
easterly  direction,  and  from  about  twenty  miles  east  of  the  Sumesari  river 
the  disturbed  upper  tertiaries  have  been  removed  by  denudation,  along  the 
foot  of  the  Khisi  and  Jaintia  hills.  1  hey  come  in  again  where  the  strike 
of  the  disturbance,  which  marks  the  southern  margin  of  the  plateau  of  the 
Assam  range,  turns  north-easterly,  and  occupy  a  large  area  in  the  hilly 
Country  between  Assam  and  Burma,  and  to  the  south  of  the  Cachar  valley. 

The  observations  in  this  country  are  scanty  and  scattered.  In  the 
Kasom  range,  on  the  eastern  limit  of  Manipur  territory,  they  consist  of 
sandstones  with  but  few  argillaceous  bands,  containing  numerous  car- 
bonised fossil  tree  trunks,  and  nests  of  coaly  matter,  but  no  coal  seams 
were  observed.  Further  south,  however,  well  marked  coal  seams  have 
been  found  in  what  appear  to  be  the  same  beds  on  the  west  side  of  the 
Chindwin  river.  Fossil  resin  was  found  in  the  Manipur  hills,  and  it  is 
probable  that  the  amber  mines  of  Upper  Burma  are  excavated  in  beds  of 
this  age.* 

Further  north  marine  fossils,  among  which  is  an  undetermined 
species  of  Venus,  were  found  near  SAmaguting  in  beds  which  probably 
represent  the  lower  group  of  the  Giro  hills. 

In  upper  Assam,  the  upper  tertiary  beds  were  described  by  Mr.  Mallet  as 
the  Tipam  and  Dihing  groups.  The  greenish  grey,  pepper  and  salt, 
sandstone  of  the  Tipam  range  undoubtedly  alternates  with  the  top  beds 
of  the  coal  measures,  but  the  shaly  beds  rapidly  cease  and  the  sandstone 
becomes  very  massive.  Some  coaly  partings  were  also  observed  well  up 
in  the  Tipam  group,  and  fossil  wood,  whether  silicified  or  semicar- 
bonised,  sometimes  in  very  large  blocks,  is  common  throughout  this  great 
sandstone  formation,  as  well  as  in  the  upper  conglomeratic  beds. 

The  upper  (Dihing)  group  is  less  like  the  corresponding  group  of  the 
Siwiliks  than  is  the  Tipam  sandstone,  and  two  points  are  noteworthy  in 
it.  Some  of  the  bottom  beds  are  coal  conglomerates,  made  up  almost 
exclusively  of  rolled  fragments  of  coal,  presumably  of  the  coal  seams 
underlying  the  Tipam  group.  This  peculiar  conglomerate  has  been 
observed,  at  great  distances  apart,  at  the  top  of  the  Tipam  sandstone 
along  the  main  fault.  The  ordinary  conglomerates  of  the  group  are 
composed  of  well  rolled  pebbles  of  fine  hard  sandstone,  identical  in 
appearance   with  the  Disang  sandstone.     The  beds  associated  with  these 

»  Jour.  As,  Soc.  Beng.,  XXXVIII    pt   U,  14.       '  Memoirs,  XIX,  226,  (1S83). 
16,  (1869). 
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conglomerates  are  blue  sandy  clays,  not  like  the  brown  and   red  clays  of 
the  upper  Siwiliks,  at  least  of  north-western  India. 

The  distribution  of  these   upper  tertiary  sandstones    presents   some 

peculiarities  which  require  notice.     At  the  eastern  end  of  the  Assam  range 

(hey    come    in    where  the  zone  of  disturbance  which  marks  its  southern 

/ace    diminishes  in   intensity  and  at  the  same   time   turns   to    the   uorth- 

ea,st.      From     here   they  extend  eastwards    into  the   Patkoi  range,   but 

cfo    not  extend  across    the  hill  country  of  Manipur.     In   the  parallel   of 

Manipurcity  there  is  a  stretch  of  about   100  miles  broad  of  pretertiary 

'>^cls,  before  the  upper  tertiaries  are  again  found  capping  the  range  which 

/oolcs    down  on  the    Chindwin    valley.     To   the    north  of   the    valley   of 

iH^a.r?ipur  the  upper  tertiories  are  found  capping  the   higher   ranges,  and 

f^j  rtlier   north,  in  the  Angimi  Nigel  hills,  there  is  only  some  ten  or  twelve 

tiil^s  between  the  boundary  of  the  sandstones  forming  the    high  peak  of 

J-^  p^vo  and  the  margin  of  the  eastern  area  of  upper  tertiaries.     No  details 

^«r^     known  of  the  geology  of  the  hills  to  the  north-east  of  this,  but  the  pre- 

t^irt^iary  slates  and  sandstones  of  Manipur  and  the  Angclmi  Nigi  country, 

^  I>p>car  to  be  represented  by  the  Disang  group  in  the  coal  fields  of  upper 

tarn.       Whether  there   is  a  continuous   outcrop    of   pretertiary  slates 

^he   intervening  ground  is  not  known,  but  in   the   Singpho  country 

her  east,  the   pretertiary  beds  are  completely  cut  out  by  the  tertiaries, 

ch  extend  continuously  from  the  plain  to  the  crest  of  the  range. 

In  a  southerly  direction  from  Manipur  much  the  same  appears  to  take 

Ir^  ^  ^<^e.  for  east  of  Chittagong  Mr.  La  Touche  found    nothing  but   tertiary 

■^^^^^ks  on  the  route  across    the  hills.     It   would    seem,  therefore,  that   the 

^^-a^iiipur  hills  are  an  area  of  special  elevation  from  which  the  newer  beds 

"^-^^e  been  removed  by  denudation. 

In  the  last  paragraph  it  has  been  assumed  that  these  deposits  originally 

^^^^nded  over  the  area  where  they  are  now  wanting.     There  is  no  direct 

Pf  Oof  that  they   ever  did  so,  and  the  general  resemblance  in  type  to  the 

^'^^^^Aliks  along  the  foot  of  the  Himalayas  might  suggest  that  they   were 

"pF>osited  under  similar  circumstances,  and  that  their  original  was  not  very 

,  "^x-ent  from  their  present  extension,  but  in  spite  of  a  certain  lithological 

^''^^ilarity  to  the   Himalayan  Siwiliks,  there  is  a  much  greater  uniformity 

^^    ^^  liferent  sections  than  they  exhibit.  The  present  boundaries,  too,  are  in 

*       ^:rases  evidently  due  to  denudation,  and  there  can  be  little  doubt  that 

^^3^    once   extended   right  across   the   hills  which  separate  Assam  from 

^^^"  WTia,  at  any  rate  north  of  Manipur.     The  presence  of  marine  fossils  in 

.  ^^e  sandstones  shows  that  they  were  deposited  under  different  condi- 

^^^^s    to    the    Himilayan    Siwiliks,    which    we    will    see    were    formed 

serially   by    streams,    under  circumstances    closely  resembling  those 

now  prevail  along  the  foot  of  the  Himalayan  range. 


tVi 
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Upper  tertiary  beds  occupy  a  large  area  in  Upper  Burma,  both  in  the 
valleys  of  the  Irawadi  and  Chindwin  rivers,  and  in  the  hills  to  the  west  of 
them.  Little  is  known  of  this  area,  as  no  detailed  geological  survey 
has  yet  been  practicable.  Coal  seams  are  found  interbedded  with  the  sand- 
stones west  of  the  Chindwin  river,  and  of  the  Irawadi  above  Mandalay,  as 
also  in  the  small  outlying  patches  of  upper  tertiaries  in  the  Shan  hills. 
Further  south  the  petroleum  of  Burma  is  derived  from  upper  tertiary  beds, 
though  there  are  also  some  occurrences  of  very  minor  importance  in  the 
older  tertiary  rocks  of  Pegu. 

It  is  not  till  we  reach  the  province  of  Pegu  that  anything  approaching  a 
detailed  account  of  the  tertiary  deposits  is  available,  where  they  were 
divided  by  Mr.  Theobald  into  three  main  groups,  supposed  to  correspond 
more  or  less  to  the  eocene,  miocene,  and  pliocene  of  the  European  classi- 
fication, but  it  will  be  best  to  retain  the  local  nomenclature,  as  the  fossil 
evidence  is  by  no  means  sufficient  to  establish  their  complete  equivalence. 
The  three  main  tertiary  groups  are  as  follows :  ^— 

3.  Fossil  wood  group  ....  Sand  gravels,  etc.,  with  silicified  wood  and 

mannmalian  bones. 

2.  Pegu  group Shales  and  sandstones,  occasionally  cal- 
careous; fossils  numerous. 

I.  Nummulitic  .         •         ,        .        ,  Shales  and   sandstone,    with   some    lime- 

stone bands  containing  nummulites,  etc 

There  is  but  little  to  distinguish  the  nummulitic  beds  of  Pegu  from  the 
Ma-f  and  Negrais  rocks,  beyond  the  much  smaller  amount  of  alteration 
that  they  have  undergone,  the  more  frequent  appearance  of  fossils, 
and  the  occasional  occurrence  of  limestone  containing  nummulites,  especial- 
ly in  the  higher  part  of  the  group.  The  ordinary  beds  are  sandstones 
and  shales,  unaltered  but  frequently  hard  and  compact.  The  distinction 
from  the  Negrais  rocks  is  far  from  absolute.  The  tendency  to  a  passage 
between  the  two,  at  the  foot  of  the  hills,  has  already  been  noticed,  and 
there  are  in  places,  within  the  nummulitic  area,  hills  formed  of  hardened 
masses,  perhaps  older  than  the  rocks  around,  but  which  have  much  the 
appearance  of  being  the  same  beds,  slightly  altered. 

The  main  outcrop  of  the  nummulitic  rocks  extends  from  north  to  south 
throughout  the  province  of  Pegu,  between  the  Arakan  hills  and  the  Irawadi 
river.  The  beds  have  a  general  dip  to  the  eastward,  but  to  the  southward 
it  is  difficult,  if  not  impossible,  to  define  the  base  of  the  formation,  on  account 
of  the  apparent  passage  from  the  nummulitic  into  the  Negrais  rocks.  To 
the  northward,  west  of  Thayetmyo,  near  the  former  boundary  of  British 
territory,  the  section  is  better  defined.'     In  the    Hlwa   ^Lhowa)  stream. 


»  Memoirs ^  X,  227,  (1873). 

■  The  beds  formerly  classed  as  triassic,  on 
the  strength  of  a  mistaken  identification  of  a 
boisil  {supra^  p.  145)  nsiust  be  included  with 


the  ntimmulitics.  The  information  necessi- 
tating this  change  was  not  received  in  time  to 
be  incorporatod  in  the  text  or  in  the  geologi- 
cal map. 
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former  in  Pegu,  apart  from  the  belt  just  noticed  as  extending  along  the 
eastern  side  of  the  Arakan  Yoma,  is  in  a  small  ridge,  known  as  Thon- 
doujig,  or  lime  hill,  about  five  miles  south  of  Thayetmyo.  This  ridge  con- 
sists in  great  part  of  nummulitic  limestone,  resting  upon  shales  and 
sandstones.  In  1855  a  promising  bed  of  coal,  4  feet  thick,  was  discover- 
ed in  the  latter,  but  it  proved  so  irregular  as  to  be  of  no  value,  the  coal 
thinning  out,  and  passing  into  a  clay  with  mere  laminae  and  patches  of 
coaly  matter,  in  the  course  of  a  few  feet.^ 

To  the  west  of  the  Arakan  range,  limestone  with  nummulites  has  been 
noticed  near  Keantali,  and  there  can  be  but  little  doubt  that  eocene  beds 
extend  along  the  coast  for  a  considerable  distance.  The  islands  of 
Ramrf  and  Cheduba  consist  of  sandstones  and  shales  closely  resembling 
those  of  Arakan,  and  doubtless  belonging  to  the  same  series.*  These 
beds  are  also  very  similar  to  the  nummulitic  rocks  of  Pegu.  A  few 
seams  of  coal  have  been  found,  resembling  in  character  the  nummulitic 
coal  of  Assam,  and  petroleum  is  obtained  in  several  places.  The  lime- 
stone on  the  eastern  side  of  Ramrf  island,  as  already  mentioned,  re- 
sembles that  of  the  Arakan  coast  near  Ma-f  and  Taung-gup,  and  may,  there- 
fore, be  cretaceous,  but  there  is  no  marked  character  by  which  the  rocks 
of  the  island  can  be  divided  into  two  series. 

Above  the  nummulitic  formation  of  Pegu  there  is  an  immense  thick- 
ness of  soft  shales  and  sandstones,  often  fossiliferous,  but  almost  destitute 
of  any  horizon  distinguished  either  by  mineralogical  characters  or  by 
organic  remains.  The  base  of  this  group  is  assumed  to  coincide  with  the 
band  of  nummulitic  limestone  already  mentioned,  but  there  is  no  clear 
evidence  that  this  bed  is  the  uppermost  rock  of  the  eocene  group,  and  no 
unconformity  has  been  detected  between  the  nummulitic  rocks  and  the 
next  strata  in  ascending  order.  The  upper  limit  of  the  middle  tertiary 
rocks  of  Pegu  is  equally  ill  defined,  there  being  a  gradual  passage  from 
clays  and  sandstones  with  marine  fossils  into  the  gravels  and  sands  with 
silicified  fossil  wood  and  mammalian  bones. 

The  fact  is  that  without  a  thorough  knowledge  of  the  fossils  the  classi- 
fication of  rocks  so  obscure  and  so  ill  seen  as  those  of  Pegu  is  a  simple 
impossibility,  and  until  the  tertiary  molluscs,  echinoderms,  and  corals  of 
southern  Asia  are  better  known,  it  is  hopeless  to  attempt  more  than  a 
general  rough  arrangement  of  the  Burmese  tertiaries.  *  In  the  absence  of 
sufficient  fossil  data  for  the  proper  determination  of  different  beds,  all  that 
has  been  attempted  at  present  is  to  class  together  all  the  marine  beds  ol 
Pegu  above  the  nummulitic  limestone,  and  without  nummulites.  The 
group  thus  constituted  has  been  named  the  Pegu  group  from  its  form- 
ing the  greater  part  of  the  Pegu  Yoma  between  the  Irawadi  and  Sittaung. 

» T.  Oldham,  Sei.  Rec.  Govt.  India,  X,  99,  (1856).  I  ^  F.  R.  Mallet  Records,  XI,  191,  (1878). 
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There  can  be  no  doubt  that  a  portion  of  this  group  is  of  miocene  age,  and 
corresponds  generally  to  the  Gaj  group  of  Sind  Lut  it  is  probable  that 
representatives  of  other  groups  are  included. 

1  he  only  approach  to  a  subdivision  of  the   Pegu  group  that  has    been 

su^rgestcd   is  the  separation  of  a  considerable  thickness  of  soft  unfossili- 

ferous  blue  shales,   which   rest  upon   the   upper    nummulitic   strata   near 

F^rome,  and   underlie  the  typical  fossiliferous  middle  teitiary  beds.     1  hese 

sliales  have  been  called  the  Sitsyahn  shales,  from  a  village  on  the  frawadi, 

ei^ht  and  a  half  miles  above  Frome,   whilst  the  overlying  sandstones  and 

s Hales  with  fossils  are  distinguished   as    Prome  beds,   from   their  cccur- 

r<^iice  in  the  neighbourhood  of  Prome.    The  Sitsyahn  shales  consist  of  blue 

cicinchy  clay   with  indistinct  bedding,  and  greatly  resemble  some  of  the 

n  uimmulitic  shales,  except  that  they  are  somewhat  paler  in  colour.       The 

til  iokness  of  the  subdivision  is  about   8oo  feet,  and    the   beds   have  been 

^r*,a.cred  for  a  considerable  distance  along  the  upper  limit  of  the  nummulitic 

l<  s  in  the  Prome  district. 

The  Prome  beds  succeed  the  Sitsyahn  shales  conformably,  and  are 
posed  of  grey  sandstones,  occasionally  hard,  but  frequently  argilla- 
ce^ous  or  shaly,  hard  yellow  sandstones,  and  shales  or  clays  of  various 
colours.  A  section  of  about  2,500  feet  of  these  beds  is  seen  opposite 
f*"^on[ie  on  the  right  bank  of  the  Irawadi,  and  probably  a  much  greater 
^^i<irl<ness  exists  east  of  the  river.  One  of  the  most  fossiliferous  beds  is  a 
"■^^^ici  of  blue  clay  exposed  at  Ka-ma  on  the  Irawadi,  eighteen  miles  above 
'^*~c>me.  The  position  of  this  band  is  high,  and,  above  it,  abed,  abounding 
^^^  ^^urrtiella?,  and  a  hard  sandstone  containing  corals  belonging  to  the 
S^  «^  us  Clatiocira^  are  the  high  est  rocks  of  the  group,  and  mark  the  passage 
"■  ^o    the  fossil  wood  beds. 

It  is  almost  useless  to  give  any  palaeontological details.  Foraminijcra 
^'"^^  Echincdermata  are  rare,  and  the  mollusca  are  not,  as  a  rule,  very 
^■^'^»- C'acteristic  forms.  A  scrssile  cirriped,  very  ctynwnon  m  some  beds, 
^^^^^^s  xtsit\T\\A^s  Balanus  sublssvis  <A  the  miocene  in  Sind.  A  few  small 
^^^V:>s  occur,  and  small  corals  and  sharks*  teeth  are  common. 

I  n  one  locality,  Minet-taung  (Myay-net-toung),  twenty-four  miles  east- 
^^^^-*t:li-east  of  Thayetmyo,  a  bedded  volcanic  rock,  consisting  of  greyish 
^'^^l^,  occurs  inlerstratified  with  the  rocks  of  the  Pegu  group  and,  to  all 
^f^F>^arance,  contemporaneous.  Nothing  has  been  asceitained  as  to  the 
^^^^-*rc:e  of  this  igneous  formation. 

Xhe  Pegu  group  forms  nearly  the  whole  of  the  great   range  of  hills, 

n  as  the   Pegu  Yoma,  between  the   Irawadi  and  Sittaung,  no  older 

ro^-y^^  being  known,  with  any  certainty,  to  occur  in  the  country  between  the 

^^"^   rivers.      I'he  area  occupied  by  the  middle  tertiary  beds  is  very  broad 

^   ^lie  northward,  where  it  extends  from  considerably  west  of  the  Irawadi 

^   ^hc  base  of  the  mctamorphic  hills   cast  of  the   Sittaung,  and  contracts 
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gradually  between  the  alluvial  plains  of  the  two  rivers  to  the  southward, 
till  it  terminates  in  a  long,  narrow  spur  at  Rangoon.  West  of  the  Irawaci, 
the  Pegu  group  extends  to  a  little  below  Prome,  and  some  hills  on  the 
opposite  side  of  the  river  below  Prome  are  formed  of  the  same  beds.  It 
is,  however,  not  quite  certain  that  no  older  rocks  appear  between  the 
Irawadi  and  Sittaung  for  a  species  of  Tseudodiadema^  a  genus  of 
echinoderms  with  cretaceous  affinities,  has  been  found  in  some  beds  in  east- 
ern Prome  and  a  Terebratula  with  a  very  cretaceous  aspect  was  obtained 
near  the  town  of  Pegu.  In  the  former  case  the  beds  appear  to  be  high 
in  the  Pegu  group,  but  owing  to  the  great  extent  to  which  the  surface  of 
the  country  is  concealed,  both  by  gravel  and  other  alluvial  deposits,  and 
by  forest,  it  is  most  difficult  to  make  out  the  geology  satisfactorily,  so  that 
lower  beds  may  have  been  brought  up  to  the  surface  by  faults  or  otherwise. 
In  the  case  near  Pegu  the  position  of  the  beds  is  uncertain. 

A  small  island^  known  as  Kau-ran-gyi  on  the  Arakan  coast,  is  com- 
posed of  a  very  pale  brown  or  cream  coloured,  calcareous  sandstone 
or  earthy  limestone,  containing  echinoderms,  molluscs,  sharks'  teeth, 
and  other  fossils.  The  same  rock  occurs  also  at  Nga-tha-mu  on  the 
mainland  opposite  Kau-ran-gyi  island,  but  has  not  been  detected  else- 
where. The  most  abundant  amongst  the  fossils  are  a  species  of  Lobophora 
[Echinodiscus)  and  an  Echinolatnpas^  apparently  E,  jacquemontii^  one 
of  the  commonest  fossils  of  the  Gaj  group  in  Sind.  The  Echinodiscus  also 
9loirl3r  mcjpbl^'^  «L  Gaj  species.  The  bed  is  somewhat  similar  to  the 
miliolite  of  K^thicLwir,  and  may  represent  a  portion  of  the  Pegu  group, 
but  it  is  more  probably  of  later  date.  One  of  the  sharks'  teeth,  however, 
closely  resembles  one  found  in  the  Pegu  group  south  of  Thayetmyo. 

The  highest  member  xA  the  tertiary  series  in  Pegu  is  distinguished 
by  the  abundance  of  silicilied  dicotyledonous  wood,"^and  is  the  source 
whence  all  the  fragments  of  that  substance,  so  abundant  it^  the  older  and 
newer  alluvial  gravels  of  the  Irawadi,  are  derived.  '1^  fossil-wood 
group  is  much  coarser  than  the  underlying  formations,  Mid  consists 
of  sands,  gravels,  and  a  few  beds  of  clay  or  shale,  all,  as  a  rule;  being  soft 
and  incoherent,  although  occasionally  hard  sandstone  or  conglomerate 
bands  occur.     The  group  is  thus  subdivided  : — 

a.  Fossil'vjood  sands.^Sand,  in  part  gravelly  and  conglomeratic,  charactirised  by 

a  profusion  of  conncretions  of  iron  peroxide. 

b.  Fine  silty  clay,  with  a  few  small  pebbles. 

c.  Sands,  shales,  and  a  few  conglomerate  beds,  with   a    litile    concretionary  iron 

peroxide. 

The  lowest  beds,  which  pass  downwards  into  the  marine  bands  of  the 
Pegu  group,  contain  occasional  silicified  rolled  fragments  of  wood,  and  a 
few  mammalian  bones.     Some  sharks'  teeth  also  occur.     The  thickness  of 


i 
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very  similar.  Both  contain  a  considerable  proportion  of  living  genera  un- 
known in  the  middle  tertiaries  of  Europe,  together  with  some  older  forms, 
and  the  irawadi  fauna  may  be  regarded  as  approximately  of  the  same  age 
as  the  upper  Siwiliks,  or  pliocene  if  the  views  as  to  the  relations  of  the 
Siwilik  fauna  advocated  in  the  present  work  be  accepted.  Silicified  wood 
abounds  in  places  in  some  of  the  Siwdlik  beds  of  the  Punjab  and  in  the 
Manchhar  beds  of  Smd,  and  is  occasionally  found  in  the  sub- Himalayan 
Siwdliks  though  the  remains  of  trees  are  for  the  most  part  carbonised. 

Independently  of  the  fact  that  the  rocks  supplying  the  materials 
from  which  the  beds  have  been  derived  east  and  west  of  the  Bay  of  Bengal 
are  probably  very  distinct,  there  is  some  doubt  as  to  the  conditions  undt- r 
which  the  Burmese  beds  were  deposited,  owing  to  the  frequent  occurrence 
of  sharks*  teeth,  and  it  has  been  suggested  that  the  fossil  wood  group  may 
have  been,  in  part  at  least  marine  or  estuarine.  The  silicified  wood  itself 
is  never  bored  by  xylophagous  mollusca  {jTeredinidas  or  Pholadidce)  and 
as  not  only  all  wood  floating  on  the  sea,  but  all  found  anywhere  in  tidal 
creeks  in  India  at  the  present  day,  and  even  the  dead  trunks  and  branches 
of  trees  in  places  flooded  by  the  tide,  are  riddled  by  boring  molluscs,  it  is 
extremely  improbable  that  the  wood  found  in  the  Burmese  pliocene  beds 
can  have  been  immersed  for  any  length  of  time  in  salt  water,  whilst  the 
tree  stems  can  scarcely  have  been  silicified  before  being  imbedded,  as  they 
would  have  been  in  that  case  too  heavy  to  be  transported.  It  is  true  that 
the  beds  containing  sharks*  teeth  are  not  those  in  which  the  fossil  wood 
is  most  abundant,  but  still  some  fragments  of  wood  occur  with  the  teeth, 
and  mammalian  bones  are  common.  The  beds  generally  are  much  too 
coarse  for  estuarine  deposits,  and  if  they  are  marine  it  is  difficult  to  under- 
stand why  no  molluscs,  echinoderms,  or  corals  occur.  On  the  whole,  it  is 
most  probable  that  the  fossil  wood  beds,  like  the  Siwdliks  and  Manchhars, 
are  fluviatile  or  subaerial,  deposited  by  streams  and  rainwash,  and  that 
the  sharks  inhabited  rivers,  as  some. species  do  at  the  present  day. 

The  fossil  wood  beds  in  Pegu  are  evidently  the  mere  remnants  of  a 
formation  which  once  occupied  a  far  more  extensive  area,  the  former  exist- 
ence of  the  beds  being  shown  by  the  occurrence  in  abundance  of  fragments 
of  silicified  wood  far  beyond  the  present  limits  of  the  group.  Judging 
from  the  occurrence  of  the  larger  blocks  of  fossil  wood  alone,  and  neglecting 
the  small  fragments  in  the  alluvial  gravels,  the  beds  of  the  present  group 
formerly  extended  far  to  the  southward  of  their  present  limits,  probably 
along  the  whole  eastern  side  of  the  Arakan  Yoma,  and  almost  certainly 
iis  far  as  Rangoon  along  the  Pegu  range.  A  considerable  area  in  the 
Sittaung  valley,  north  of  Taung-ngu  (Tonghoo),  is  also  occupied  by  the 
fossil  wood  beds,  but  no  traces  of  the  former  existence  of  this  group  is 
found  south  of  the  Kabaung  stream,  which  joins  the  Sittaung  from  the 
westward  a  little  below  Taung-ngu.     There  is  rather  more  clay  associated 
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with  the  pliocene  beds  in  the  Sittaung  than  in  the  Irawadi  valley  whilst 
ill  two  small  outlying  patches,  east  and  north  of  Taungngu,  ihe  group 
is  represented  by  a  form  of  laterite  containing  numerous  pebbles. 

In  Upper  Burma  the  same  beds  are  very  extensively  developed.  They 
occupy  large  areas  both  east  and  west  of  the  Irawadi,  and  between  the 
Irawadi  and  the  Chindwin  above  their  confluence,  as  well  as  west  of  the 
latter  river.  The  details  of  their  stratigraphy  and  distribution  have 
not  yet  been  worked  out,  and  there  is  no  published  information  suffi- 
ciently detailed  or  connected  to  be  incorporated  in  this  work.  The 
petroleum  of  Upper  Burma  is  derived  from  beds  which  appear  to  lie  at 
the  base  of  the  fossil  wood  group,  or  the  upper  limit  of  the  Pegu  group. 

North  of  where  the  Irawadi  crosses  from  the  eastern  to  the  western 
side  of  the  depression  between  the  hills  of  western  China  and  the  Shan 
states  on  the  one  hand,  and  of  Manipur  and  the  Arakan  Yoma  on  the 
other,  there  are  a  number  of  intrusions  and  volcanic  outbursts  in  the  ter- 
tiary beds  where  exact  age  has  not  been  determined,  but  appears  to  range 
from  upper  tertiary  to  pleistocene. 


Although  nothing  definite  is  known  as  to  the  age  of  the  beds 
associated  with  coal  in  Tenasserim,  except  that  they  are  in  all  probability 
tertiary,  there  is  more  likelihood  that  they  belong  to  the  newer  tertiaries 
than  to  the  older.  They  consist  of  conglomerates,  sandstones,  soft  shales, 
and  beds  of  coal.  The  conglomerates  are  never  coarse,  the  pebbles  seldom 
exceeding  a  few  inches  in  diameter;  the  sandstones  are  fine,  gritty,  and 
pebbly,  clean  white  quartzose  sands,  or  earthy  and  of  a  yellowish  tint ;  and 
the  shale  beds  are  of  a  bluish  green  or  blackish  tint,  very  regularly  disposed 
in  thin  laminae.     The  coal  is  also  in  thin  laminae,  with  earthy  bands. 

These  coal  bearing  deposits,  whose  total  thickness  nowhere  exceeds 
900  to  1,000  feet,  are  never  traceable  continuously  over  any  extended 
area.  They  are  found  occupying  isolated  and  detached  basins  in  the 
great  north  and  south  valley  of  the  Tenasserim  river,  between  the  main 
dividing  range  separating  British  Burma  from  Siam  to  the  eastward, 
and  the  outer  ridges  near  the  sea  coast  to  the  westward.  The  small 
tracts  of  tertiary  rocks  are  in  all  probability  of  fresh  water  origin,  and 
have  much  the  appearance  of  having  been  deposited  in  the  small  basins 
they  now  occupy.  The  only  organic  remains  found  are  dicotyledonous 
leaves  and  sca^es  and  bones  of  fish.* 


In  the  Andaman  and  Nicobar  islands  the  upper  tertiaries  are  repre- 
sented by  soft  limestones  formed  of  coral  and  shell  sand,  soft  calcareous 

»  T.  Oldham,  Sel.  Rec,  X^ovt,  India^  X,  34,  (1856). 
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sandstones  and  white  clays  with  some  bands  containing  pebbles  of  coral' 
They  form  the  whole  of  the  archipelago  east  of  the  great  Andaman,  wheivcc 
they  have  been  called  the  Archipelago  series  ;  they  are  also  developed  in  the 
great  Andaman,  more  especially  in  the  northern  islands  and  on  the  west 
coast,  as  well  as  in  the  Nicobar  islands.  The  only  fossils,  that  have  been 
found  are  Polycystinse^  which  were  described  by  Ehrenberg  from  the  clays 
of  Nancowry  harbour.* 

No  contact  section  has  yet  been  observed,  showing  their  relations 
to  the  rocks,  sandstones  and  shales,  which  are  regarded  as  the  equiva- 
lents of  the  Negrais  rocks  of  the  Arakan  Yoma,  but  the  generally  newer 
appearance  of  the  rocks,  their  less  disturbed  condition,  and  the  fact  that 
pebbles  of  serpentine  have  been  found  in  beds  which  there  seems  good 
reason  for  referring  to  this  series,  leaves  little  room  for  doubt  that  they 
are  newer,  and  not,  as  has  been  suggested,  merely  a  litholog^cal  variety 
indicating  different  conditions  of  deposition. 


■  For  details,  see  H.   Rink,  Die  Nikobaris- 

cben  Inseln.,  Copenhagen,  1847,  and  Sel.  Rec. 

Govt.  India,  LXXVil,  109— 154,  (i87o);F.von 

Hochstetter,   Reise  dff  No  vara,  II,  83— 1 12, 

1864),   and   Records,   II,  59-73,  (l8^9);  V. 


Ball,  y<?Mr.  As,  Soc.  Bcng.^  XXXIX,  pt  2, 
25,  231,  (1870);  R.  D.  Oldham,  Rccnds, 
XVIII.  135'  (1885). 

«  Abhandl.  K,  Mad.    Wiss,  Berlir,  1875.  p. 
116. 


CHAPTER  XIV. 

TERTIAUIES  OF  THE  HIMALAYAS. 
{Including  the  N.-W.  Punjab.) 

Tertiaries  of  Ihe  centra'  Him^layas—Tertiaries  of  the  outer  Hiirdiayas — Sirmur  series  — Siwdlik 
series — Homotaxis  of  the  Siwdliks— Relations  of  Siw^Iik  and  recent  faunas. 

The  description  of  the  tertiary  deposits  of  the  Himalayan  range  was 
excluded  from  the  last  chapter,  as  their  bearing  on  the  question  of  the  age 
of  the  Himdiayas  as  a  mountain  chain,  and  certain  peculiarities  which  they 
exhibit,  resulting  from  their  mode  of  origin,  render  it  more  convenient 
to  consider  them  separately.     They  are  exposed  in  two  distinct  areas,  and 
may  be  distinguished,  according  to  their  geographical  position,  as  the  ter- 
tiaries of  the  central,  and  of  the   outer  Himalayas.     The  latter  of  these 
are  much  the  most  important,  whether  on  account  of  the  superficial  area 
they  cover,  or  the  interest  of  the  sections  they  exhibit,  but  it  will  be  most 
convenient  to  take  up  the  description  of  the  central  Himalayan  tertiaries 
first  and  then  pass  on  to  the  tertiaries  of  the  outer  or  southern  edge  of  the 
range. 

The  existence  of  tertiary  rocks  in  the  central  Himalayas  has  long  been 
known,  but  even  now  the  only  information  available  is  derived  from  ob- 
servations made  on  rapid  journeys  through  an  elevated  and  inhospitable 
region,  where  the  rarefaction  of  the  atmosphere  offers  a  serious  impedi- 
ment to  physical  exertion. 

The  best  known  area  is  that  of  the  upper  Indus  valley,  where  the 
tertiaries  extend,  for  a  distance  of  two  hundred  miles,  in  a  south-easterly 
direction  from  Kargil  in  Kashmir  territory.  Along  the  whole  of  the  north- 
eastern boundary,  from  Kargil  to  beyond  Leh,  if  not  to  the  extreme  limit 
of  Kashmir  territory,  they  rest  in  unconformable  contact  with  the  metamor- 
phic  rocks.  Between  Khalsi  and  Leh  the  lowest  beds  consist  of  coarse 
grained,  sharp,  felspathic  sandstones,  containing  a  large  proportion  of 
grains  of  undecomposed  felspar,  and  including  numerous  large  boulders  of 
syenite  and  angular  blocks  of  an  intensely  hard  hornstone  porphyry,  whose 
original  source   is  unknown.     These  beds  have   been    looked   upon,  with 
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some  degree  of  reason,  as  probably  of  glacial  origin.^  They  occur  at  the 
base  of  the  nummulitics  and  no  break  or  unconformity  has  baen  detected  ; 
they  are  however  overlaid  by  black  carbonaceous  shaly  beds  very  like 
those  of  the  carboniferous  of  Kashmir,  and  as  no  similar  rock  has  been  de- 
tected in  the  western  portion  of  the  outcrop,  where  the  original  contact 
with  the  pretertiary  rocks  is  exhibited,  it  is  possible  that  the  glacial  beds 
belong  to  the  carboniferous  period,  and  that  there  is  an  undetected  break 
between  them  and  the  overlying  unmistakeable  nummulitics. 

The  conglomeratic  beds  are  succeeded  by  orange  and  brown  sand- 
stones, often  calcareous,  which  form  the  lowest  member  of  the  series 
further  to  the  north-west.  Melania,  and  a  bivalve  shell,  which  is  probably 
a  Unio^  though  it  has  been  referred  to  Pholadomya  or  Panopcea^  have  been 
found  in  the  neighbourhood  of  Kargil,  marking  the  beds  as  fresh  water 
or  estuarine  in  origin. 

The  sandstones  are  succeeded  by  green  and  purple  or  dark  red  shales, 
and  these  are  overlaid,  between  Khaisi  and  Nurla,  by  a  thick  band  of 
coarse,blue,  shelly  limestone  containing  numerous  discs,  which  are  probably 
ill  preserved  nummulites.  Above  this  comes  a  coarse  limestone  conglome- 
rate containing  pebbles  of  the  same  limestone  succeeded  by  shales  and 
slates,  generally  of  a  j?rcy  colour. 

In  the  sections  eastwards  of  Leh  conglomerates  are  said  to  occur  near 
the  upper  limit  of  the  series,  and  these  conglomerates  contain  pebbles  of 
the  volcanic  beds,  which  will  presently  be  described,  and  of  nummulitic 
limestone.  The  occurrence  of  these  last  shows  that  the  beds  had  locally 
been  elevated  and  exposed  to  denudation,  while  elsewhere  the  process  of 
deposition  had  gone  on  continuously. 

In  the  central  portion  of  the  exposure  the  sedimentary  beds  are  in 
direct  contact  with  the  older  rocks  along  their  south-western  margin,  but 
at  either  extremity  they  are  separated  by  a  great  series  of  volcanic  rocks 
of  a  very  basic  type.  There  can  be  no  doubt  that  these  rocks,  which  form 
the  upper  limit  of  the  tertiary  system  of  this  region,  are  in  the  main  con- 
temporaneous eruptive  products,  as  they  include  beds  of  volcanic  ash  and 
agglomerate,  2  but  there  are  also  numerous  intrusive  masses  associated  with 
the  bedded  traps.  Basic  trappean  intrusions  are  also  found  in  the  preter- 
tiary rocks  south-west  of  the  boundary,  vshich  are  evidently  connected  with 
these  same  eruptive  rocks.  These  intrusions  are  interesting  as,  at  Puglia 
and  in  the  Markha  valley  south  of  Leh,  they  are  composed  of  peridotite, 
until  lately  the  only  recorded  instances  of  ultrabasic  rocks  having  been 
found  in  India. ^ 

On  the  north-efistcrn  and  north-western  boundaries  the   tertiaries  rest 


»  R.  Lydekker,  A/^m^»>5.  XXII.  104,(1883); 
R.  D.  Oldham,  Records,  XXI,  155,  (1889). 
*  C.    A.    McMahon,     Records,    XIX,     118, 


(i885);    R.  D.  Oldham,   Records,    XXI.  154, 
(i8«8). 

»  C.  A.  McMahon,  Records,  XIX.  1 15.  {i885)-. 


r 


Chap.  XIV.] 


CENTRAL   HIMALAYAS. 


347 


on  an  eroded  surface  of  metamorphics,  showing  that  ihe  present  boundary 
marks  an  original  limit  of  deposition  in  these  directions.   The  south-western 
boundary,  on  the  other  hand^  is  marked  by  great  disturbance  and  the  ter- 
tiaries  certainly  extended    some  distance   beyond    their    present   Hmit.^ 
Clear  evidence  of  this  original  extension  is  to  be   found  not  merely  in  the 
nature  of  the  boundary  but  in  the  existence    of  an   outlier   of   nummulitic 
limestone,   originally   discovered    by  Dr.  Thomson  in  1852,  on  the  Singhe 
M^.     The   correctness  of   the  observation  was  at  one  time  questioned,  but 
^v/vas  completely  confirmed  in  1888  by  Mr.  La  Touche,*  who  described   the 
Yock  as    a   black    fa:tid  limestone,    full    of    nummulites,   resting   directly 
on  the  palaeozoic  quartzites,  without  any    intervening    deposits  of   littoral 
^ype.     The  occurrence  of  an  open  sea  formation    in    this   outlier   points 
^o  a  southerly  extension  of  the  eocene  sea,  and  it  would  be   interesting 
^o    know    whether  there  was   direct  communication   with   that   in  which 
tthe  nummulitics  of  the  Punjab  were  deposited.     No  outliers  of   tertiary 
l)eds  are  known  in  the    country   intervening    between  the   two  principal 
exposures,  but    this    country   has  not  been  examined  in   any  detail,   and 
lias    undergone    such    extensive   denudation  that,  even  if  the  nummulitics 
once  extended  over  it,    they    may    well    have   been    completely  removed 
or  only  represented  by   small   patches,  folded    up   with    the    older   rocks, 
"which  would  escape    notice    in   any    but    the    most  detailed    examination. 
^1ie  considerable  lithological  resemblance  between  some  of  the  beds  of  the 
^ertiaries  of  the  upper  Indus  valley  and  those  of  the  Subithu  and  Dagshii 
groups  has  been  noticed  by  more  than  one  observer,^  but  this  would  not  in 
itself  be  proof  of  lormer  continuity,  while  the  general  shallow  water  type  of 
"^he  Subdthu  group,  and  its  complete  overlap  by  the  Dagshii  group  on  the 
Snlier  of    pretertiary    limestone    which    lies  north  of  that  at   Riisi,  indi- 
cate a  northern  limit  of  deposition  of  the  tertiaries  on  the  southern  face  of 
the  Himalayas. 

The  fossils  do  not  help  us  in  any  way,  for,  with  the  exception  of  those 
already  mentioned,  the  only  recorded  fossils  are  Nummuittes  ramondi 
and  A^.  exponens,  from  the  Markha  valley  ;*  the  former  species  has  also  been 
found  in  the  outlier  of  the  Singhe  Li,^  and  is  known  from  the  Kirthar  and 
Rinikot  groups  of  Sind.  Besides  these,  some  obscure  remains  were  obtained 
near  Khalsi,  which  have  been  supposed  to  be  Hippurites  and  a  cepha- 
lopod  allied  to  Hatnites^  but  the  fossils  are  altogether  too  ill  preserved 
for  determination. 

Besides  the  outlier  already  mentioned,  there  is  one  composed  of  basic 
traps  forming  the  peaks  known  as  D  24  and  D  25  in  Zanskar.     It  is  not 


'  R.  D.  Oldham,  Records,  XXI,  156,  (1888). 
*  Records,  XXI,  160,  (1888). 
'  F.  Stoliczka,  Memoirs,  V,  343,  (1865)}   R. 
L>dekker,  Memoirs,  XXII  ,  118,(1883). 


*  F.  Stoliczka,  Memoirs,  V.  344i  ('865). 
^  I>Archiac  et    Haime:    Groupe   Nunimu- 
iitique  de  I'Indc,  Paris,  1853,  p.  176. 
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known  whether  these  are  bedded  or  intrusive.  If  the  former,  they  are  a  true 
outlier  of  the  Indus  valley  eocene  volcanics ;  if  the  latter  they  are  doubt- 
less an  old  volcanic  core,  and  indicate  a  former  extension  of  the  volcanic 
beds  beyond  their  present  limits.  Some  small  patches  of  sandstone  and 
conglomerate,  which  have  been  regarded  as  tertiary,'  are  also  found  in  the 
Chang-cheng-mo  valley  and  near  Drds,  associated  in  the  latter  locality 
with  basic  traps.  The  information  regarding  them  is  scanty,  and  they  do 
not  need  detailed  notice  here. 

Further  to  the  east,  in  Hundes,  the  tertiaries  are  described  hf  Mr. 
Griesbach  *  as  composed  of  highly  altered  rocks,  schists,  phyllites  and 
crystalline  limestones,  in  which  some  distorted  sections  of  NummuUtes 
were  observed  associated  with  intrusive  diorite.  Above  these  rocks  come 
pepper  and  salt  grey  sandstones,  very  like  some  of  the  lower  Siwdlik 
sandstones,  whose  relation  to  the  nummuliferous  beds  was  not  observed, 
but  is  said  to  be  probably  one  of  unconformity.  Both  these  are  highly 
disturbed,  dipping  to  the  north-east,  and  are  unconformably  covered  by 
the  horizontal  deposits  of  the  H  undes  plain,  once  regarded  as  upper 
tertiary,  but  now  shown  to  be  of  pleistocene  age. 

The  only  igneous  rocks  in  this  section  appear  to  be  intrusive  diorites, 
but  a  large  development  of  basic  traps  was  observed  by  Gen.  R.  Strachey 
further  to  the  north,  in  the  neighbourhood  of  the  great  lakes  of  Tibet, 
which  probably  represents  the  volcanics  of  the  Indus  valley  tertiaries. 

Nothing  is  known  of  the  geology  of  the  whole  northern  face  of  the  Hima- 
layas east  of  the  Hundes  plain  except  for  one  spot  north  of  Sikkim.  In 
the  neighbourhood  of  the  Cholamo  lakes  Sir  J.  Hooker  observed  con- 
i^lomerates,  slates  and  earthly  red  clays,  and  a  compact  blue  limestone  "  full 
of  encrinitic  fossils  and  probably  nummulites"  which  may  be  a  con- 
tinuation of  the  central  Himilayan  tertiaries.^ 


The  tertiaries  of  the  outer  Himalayas  are  found  in  a  narrow  zone  of 
upper  tertiary  rocks,  extending  the  whole  length  of  the  Himalayas,  and 
continuous  at  the  surface,  so  far  as  is  known,  except  for  a  stretch  of  about 
fifty  miles  at  the  foot  of  the  Bhutan  hills,  where  they  are  covered  by  a  great 
accumulation  of  recent  deposits.  West  of  the  Ganges  the  tertiary  area 
begins  to  widen  out,  and  lower  beds  come  in,  till  in  the  extreme  north-west, 
beyond  the  Jehlam,  there  is  a  very  complete  representation  of  the  tertiary 
sequence.     It  is  only  that  portion  of  the  tertiary  area  which  lies  beyond 


«  F.  Stoliczka,  Records,  VII,i5,  (1874) ;   R.  Ly 
dekUer,  Memoirs,  XXII,  113,  115,  (1883). 
«  Memoirs,  XXIII,  83,  (1891). 


'  Himalayan  Journals,  London,  1855,  II.  156. 
177. 


Chap.  XIV.] 


SIRMUR  SERIES. 


349 


the  Avestern  frontier  of  Nep^l  that  has  been   examined  in  any  detail,  and 
here  the  best  known  areas  are  the  hills  below  Kumdun  and  Garhwal,  the 
section  south  of  Simla,  and  the  area  beyond  the  Jehlam  river.     The  classi- 
fications of  the  rocks  that  were  adopted  by  the  surveyors  of  the   north- 
western area  and  of  that  south  of  Simla  differ  from  each  other,  but  the 
intermediate  country  has  since  been  examined    sufficiently  to  show  the 
probable  equivalence    of  the  rock   groups  as  indicated  in  the   following 
table  :— 

Simla  Area. 

Upper  Tertiary   .  (   "^^^^^'^ 

I 


North- West  Area. 


Upper  Siwdlik 
Lower  (red  and  grey 


Murree  beds   . 
Upper  Nummulitic  . 


•     •     •] 

iy)  Siwilik    V 

:  :1 


Siwdlik  series 


Lower  Tertiary 
Sirmur  series 


•(  Su 


Middle  Siwilik. 

Lower  (Ndhan)  Siwdlik. 

Kasauli  group. 

agshdi  group. 

bithu  group. 


Lower  Nummulitic. 

According  to  the  order  of  description  adopted  in  this  work  the  lower 
ummulitic  strata  of  the  hills  beyond  the  Jehlam,  which  do  not,  strictly 
peaking,  form  part  of  the  Himalayas,  would  stand  first  for  description, 
ut  as  the  reasons  for  considering  them  older  than  the  Subithu  group  can 
nly  be  understood  after  the  description  of  the  Sirmur  series,  the  strict 
hronological  order  will  not  be  adhered  to,  and  the  description  of  these 
eds  will  be  left  till  after  that  of  the  series  which  overlies  them.  It  will 
e  best  to  begin  with  the  area  which,  from  priority  of  description,  must 
emain  the  standard  to  which  the  sections  of  other  districts  must  be 
eferred. 

In  the  hills  near  Simla,  the  marine  nummulitics,  with  the  upper  groups 

f  the  lower  tcrtiarics,  appear  from  below  more  recent  deposits  a  short  way 

"^vest  of  the  Sutlej  river,  and  rising  into  the  high  ground  of  what  are  known 

s  the  lower  Himdlayas,  extend  for  some  80    miles  till    they   disappear  12 

miles  east    of  Nahan,    re-appearing    as    outliers    east    of  the    Ganges. 

Throughout  part  of  this  region  the  Sirmur  series,  as  it  has  been  named, ^  is 

:separated  from  the  upper  portion  of  the    tertiary  system    by   a   narrow 

-Strip  of  pretertiary  rocks,  and  by  the  great  dislocation,   or  main  boundary, 

whi^h  forms  one  of  the    leading    features  in    Him^Llayan  geology.     The 

rocks  are  everywheire  highly  disturbed,  and   structurally  belong  rather  to 

the  Himalayan  area  proper  than  to  the  tertiary  area  of  the  sub-Himdlayas, 

but  at  the  north-western  extremity  of  the  exposure  they  run  down  into  the 

sub-Himdlayas,  and  the  marine  group  becomes  covered  by  more  recent 

deposits  in  a  manner  that  has  not  been  worked  out  in  detail. 


'  Manual,  1st  ed.,  p.  524.  The  series  was 
first  described  as  the  Subdthu  group  {Memoirs, 
III,pt.  ii,  p.  74),  a  name  which  was  subse- 
quent'/ restricted  to  its  lowest  member.     The 


description  in  the  text  is  partly  based  on 
Mr.  Medlicott's  descriptions  (toe.  cit.),  and 
partly  on  subsequent  unpublished  observations 
by  the  present  writer. 
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The  lowest  of  the  three  groups,  into  which  the  Sirmur  series  has 
been  divided,  is  named  after  the  military  station  of  Subithu,  near  which 
it  is  well  exposed.  It  consists  principally  of  greenish  grey  and  red  gypseous 
shales,  with  some  subordinate  lenticular  bands  of  impure  limestone  and 
sandstone,  the  latter  principally  found  near  the  top  of  the  group.  The 
beds  are  everywhere  highly  disturbed,  and  the  boundary  with  the  pretertiary 
slates  and  limestones  is  almost  always  faulted,  but  wherever  an  original  con- 
tact section  is  found,  in  the  Jammu  hills,  at  Subdthu,  at  the  termination  of  the 
main  Sirmur  area  east  of  Ndhan,  and  again  in  the  outliers  east  of  the  Ganges, 
there  is  always  a  parallelism  of  stratification  between  the  beds  below  and 
above  the  junction,  and  the  bottom  bed  of  the  Subdthu  group  is  a  peculiar 
ferruginous  rock,  containing  pisolitic  grains  of  iron  oxide  and  closely  re- 
sembling the  laterite  of  the  Peninsula,  whose  occurrence  at  this  horizon 
in  the  extra-peninsular  area  is  interesting  in  connection  with  the  occur- 
rence of  laterite  in  the  nummulites  of  Sind,  Jaisalmer,  Cutch  and  Sural, 
This  rock  is  very  well  seen  at  Sub^thu  itself,  where  it  was  first  observed 
and  described,  and  in  the  shaly  beds  immediately  overlying  it  there  is  a 
seam  of  impure  coal.  The  coal  is  too  impure  and  too  crushed  to  be  of  any 
economic  value,  but  its  occurrence  is  of  interest,  as  will  appear  in  the 
sequel. 

The  Subithu  group  is  overlaid,  with  perfect  conformity,  by  a  great 
thickness  of  hard  grey  sandstones,  interbedded  with  bright  red  nodular 
clays,  known  as  the  Dagshdi  group.  The  transition  from  the  Sub^thu  to 
the  Dagshii  group,  though  perfectly  conformable,  is  somewhat  abrupt,  and 
marked  by  the  presence  of  a  group  of  passage  beds,  comprising  a  pecu- 
liar pisolitic  marl  with  small  calcareous  concretions  scattered  through 
a  matrix  of  red  clay,  a  white  sandstone  full  of  irregular  shaped  highly 
ferruginous  concretions  of  some  inches  in  diameter,  and  pure  white  sand- 
stones associated  with  dark  purple  or  liver  coloured  shales,  differing 
markedly  in  appearance  from  the  general  run  of  those  above  or  below 
them. 

The  beds  of  the  Dagshdi  group  proper  consist  almost  exclusively  of 
two  distinct  types  of  rock.  One  is  a  bright  red  or  purple,  homogeneous 
clay,  weathering  into  small  rounded  nodular  lumps ;  the  other  a  line  grained 
hard  sandstone  of  grey  or  purplish  colour.  The  clays  prevail  in  the  lower 
part  of  the  group  and  the  sandstones,  in  beds  of  lo  to  50  feet  thick,  form 
but  a  small  proportion  of  the  total  thickness,  but  in  the  upper  portion  of 
the  group  they  increase,  at  the  expense  of  the  clay  beds,  till  at  the  top 
there  is  about  200  or  300  feet  of  sandstones,  with  a  few  thin  bands  of  red 
clay,  which  it  is  impossible  to  class  definitely  either  with  this  group  or  the 
succeeding  one. 

As  will  have  appeared  from  the  preceding  paragraph,  the  passage  from 
the  Dagsh^i    to   the    Kasauli   group  is  perfectly  transitional,   indeed  the 


Chap.  XIV.]  subAthu  group.  33, 

uistinction  of  ihe  two  merely  depends  on  the  absence  of  the  bright  red  no- 
dular clays  of  the  Dagshii  group.     The  Kasauli  group  is  essentially  a 
sandstone  formation  in  which  the  argillaceous  beds  are  quite  subordinate 
in    amount.     The  sandstones  are   mostly  of  grey  or  greenish  colour,  and 
though   some   of  the,  beds  are  as  hard  as  anything  in  the  Dagshii  group, 
they  are,  as  a  rule,  softer,  coarser,  more  micaceous,  and  at  times  distinctly 
felspathic.     The  clay  bands  are  gritty,  micaceous,  and  but  seldom  shaly  ; 
in  the  lower  part  of  the  group  they  often  have  a  remarkably  trappoid  ap- 
pearance, owing  to  their  dull  green  colour  and  mode  of  weathering,  first 
into  rounded  masses  and  afterwards  into  small  angular  fragments. 

At  the  upper  limit  of  the  Kasauli  group  some  reddish  clay  bands  are 
seen  on  the  cart  road  to  Simla.  These  clay  bands  are  softer  and  paler  than 
l:hose  of  the  Dagshdi  group,  and  resemble  the  clays  of  the  lower  portion 
of  the  upper  tertiaries  near  Kdlka.  This,  the  only  trace  of  a  connection 
fcetween  the  Sirmur  series  and  the  upper  tertiaries  of  this  region,  will  be 
^referred  to  further  on. 

The  Subdthu  group  is  most  palpably  of  marine  origin  and  of  nummu- 
■itic  age,  as  is  shown  by  the  numerous  fossils  it  contains.  The  Dagshdi 
^roup  has  yielded  no  fossils,  except  some  fucoid  markings  and  annelid 
'bracks,  which  are  of  no  use  for  determining  either  the  age  or  mode  of  origin 
^)f  the  beds,  but  the  great  contrast  of  lithological  character  suggests  a  cor- 
:aresponding  change  of  conditions  of  formation,  and  it  is  probable  that  they 
""^vere  deposited  either  in  lagoons  or  salt  water  lakes  cut  off  from  the  sea,  or 
of  subaerial  origin.  The  Kasauli  group  has  so  far  yielded  no  fossils 
ut  plant  remains,  and  this,  taken  in  conjunction  with  its  general  similarity 
o  the  upper  tertiary  deposits,  renders  it  probable  that  it  is  composed  of 
resh  water,  if  not  subaerial  deposits. 

A  short  distance  west  of  the  Sutlej    river  the    Subdthu  group  become 
rovered  up  by   the  newer  beds,   and  is    not   again    seen  till  the  Jammu 
ills  are  reached.     Here  there  are  some  inliers  of  marine  nummulitics,  but 
^he  most  interesting  exposures  are  those  in  which   they  rest  on  the  pre- 
"•ertiary  limestones  of  Ridsi   and  the  Punch  valley.^     In  these  the  Subithu 
1)eds  rest,  with  perfect  parallelism  of  stratification  and  every  appearance  of 
conformity,  on  the  older  rocks,  and  at  their  base  is  found  the  same  peculiar 
pisolitic  ferruginous  bed  as  is  seen  at  SubSthu.     Separated  from  this  by 
^bout  70  feet  of  shales,   there  is  a  coal  seam  of  2  to  5  feet  thick,  over- 
laid by  some  350  feet  of  shales,  with  a  couple  of  thin  bands  of  nummulitic 
limestone,*  the  group  being  conformably  overlaid  by  the  sandstones  and 
red  clays  similar  to  those  of  the  Dagshii  group. 

On  the  Ridsi    inlier  the    pisolitic  bottom    bed    of  the  nummulitics  is 


»  H.  D.  Mcdlicott.   Records,  IX,  S3.  (1876) ; 
R.  Lydekker,  Memoirs,  XXII,  90,  (1883). 


«  T.  D.  U  Touchc,  Records,  XXI.  62,  (1888). 
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underlaid  everywhere  by  a  silicious  breccia  of  variable  thickness,  composed 
of  perfectly  angular  silicious  fragments,  cemented  in  places  by  cellular 
limonite.  The  true  age  or  nature  of  this  rock  is  uncertain.  Mr.  Medli- 
cott  thought  it  was  a  shattered  condition  of  a  sandstone  band  which  often 
occurs  at  the  top  of  the  pretertiary  limestone  series,  and  in  any  case  the 
angular  nature  of  the  fragments  forbids  the  supposition  that  they  have 
been  transported  for  any  great  distance. 

So  far  there  has  been  no  difficulty  in  recognising  the  equivalent  of  the 
Subithu  group,  but  in  the  sections  west  of  the  Jehlam  there  is  a  very  great 
thickness  of  marine  nummulitics,  which  doubtless  in  part  represent  the 
Subdthu  group,  but  probably  cover  a  larger  period  of  time. 

In  the  Salt  range  the  principal  member  of  the  marine  nummulitics 
is  a  band  of  fine,  compact,  grey  or  white,  limestone,  frequently  cherty,  of 
some  400  or  500  feet  in  thickness,  which  is  unconformably  overlaid  by 
upper  tertiary  beds.  Below  the  limestone  there  is  from  50  to  100  feet  of 
soft  variegated  shales  or  clays,  with  one  or  more  coal  seams.  The  clays 
are  pyritous  and  decompose  readily  on  exposure,  the  decomposed  shales 
being  burnt  and  employed  in  the  manufacture  of  alum.  These  shaly  beds 
contain  a  number  of  fossils,  but  the  collections  have  not  yet  been  examined 
in  detail.  Cardita  beaumonti  is,  however,  known  to  occur,  and  marks  the 
age  of  the  beds  as  lower  eocene  at  latest. 

North  of  the  Salt  range,  in  the  hills  of  the  Hazira  district,^  the  oldest 
member  of  the  tertiary  system  is  a  great  thickness  of  dark  bluish  grey, 
or  blackish,  limestone,  with  brownish  olive  shales.  The  rock  is  generally 
foetid  and  massive,  sometimes  distinctly,  and  sometimes  obscurely,  strati- 
fied. The  distribution  of  this  hill  type  of  nummulitic  limestone,  as  it  has 
been  called,  is  peculiar.  It  forms  a  broad  belt  throughout  the  Hazdra 
and  Murree  hills,  from  the  neighbourhood  of  Abbottibid  past  Murree,  and 
along  the  spurs  traversed  by  the  Grand  Trunk  Road  north-west  of  Rawal- 
pindi. The  same  rock  forms  the  greater  part  of  the  Chittapahir  range, 
and  is  continued  west  of  the  Indus  in  the  Afrfdi  hills,  which  are  principally 
composed  of  this  formation. 

The  tract  so  defined  lies  immediately  to  the  north  of  a  great  line  of 
disturbance,  accompanied  by  much  faulting  and  displacement  of  the  strata, 
which  runs  westwards  from  the  neighbourhood  of  Murree.  Though  less 
sharply  defined,  this  zone  of  disturbance  corresponds  to  the  great  faulted 
boundary  which  separates  the  pretertiary  rocks  of  the  Himalayas  from  the 
tertiary  formations  of  the  sub-Himilayas,  and  is  in  the  main  a  line  of  sepa- 
ration   between   the  pretertiary  deposits  and   the  hill  type  of  nummulitic 

'The   account   of  the  tertiary  beds  of  the      in    Records,  X,    107,   (1879);    XII,    114,    2o8, 
North-West  Punjab  is  derived  from  Mr.  A.  B.      (1881). 
Wynne's   papers,  of  which  the  principal   are 
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limestone  on  the  one  hand,  and  the  newer  tertiaries  on  the  other.  The  de- 
marcation IS  not  absolute,  for  outliers  of  the  newer  beds  are  found  to  the 
north,  and  inliers  of  the  hill  nummulitic  limestone  to  the  south  of  the  line. 
The  most  important  of  these  inliers  is  that  of  the  Khaire  Murut  ridge, 
south-west  of  Rawalpindi.  Here,  as  in  the  hills  north  and  west  of  Murree, 
the  hill  nummulitic  limestone  is  overlaid  by  an  upper  nummulitic  group, 
composed  of  grey,  red,  and  deep  purple  clays  or  shales,  associated  with 
masses  of  gypsum,  and  alternating  with  thin  bands  of  limestone.  The  com- 
position of  the  group  varies  ;  sometimes  the  limestones  and  at  others  shales 
are  most  developed  in  the  lower  part,  and  at  times  there  are  but  few  cal- 
careous beds.  Strong  zones  of  yellowish  grey  sandstones  are  found  in  the 
western  localities,  while  eastwards  hard  grey  sandstones  and  purple  clays, 
resembling  those  of  the  overlying  group,  are  said  to  be  included.  Except 
in  the  sandstones,  which  are  unfossiliferous  but  for  a  few  fucoid  mark- 
ings, marine  fossils  are  abundant,  among  which  Nummulites^  Oporcuiina^ 
etc.,  are  common.  None  of  the  fossils  have  been  critically  examined,  but 
the  age  of  the  beds  is  evidently  eocene,  and  probably  upper  eocene. 

There  is  still  some  doubt  as  to  the  equivalence  of  the  marine  nummu- 
litics  west  of  the  Jehlam  with  those  to  the  east,  that  is  to  say,  it  is  uncertain 
whether  the  thicker  series  to  the  west  merely  represents  the  same  period 
of  time  as  the  thinner  series  to  the  east,  or  a  more  extended  one.  Although 
the  fossils  of  the  Jammu  inliers  have  not  been  examined,  the  presence  of  the 
ferruginous  bottom  bed  and  associated  coal  seam,  together  with  the  general 
similarity  of  the  type  of  deposit  and  relations  to  the  Dagshdi  beds  above, 
leave  little  room  for  doubt  that  the  Jammu  nummulitics  are  the  equivalent 
of  the  tjrpical  Subdthu  group. 

It  would  be  natural  also  to  regard  the  shaly  marine  beds,  immediately 
^inderlyiug  the  sandstones  and  red  clays  of  Dagshai  type  west  of  the  Jeh- 
lam, as  of  contemporaneous  origin  with  the  typical  Subithus,  but  as  the 
distinction  between  the  two  groups  is  merely  due  to  the  cessation  of  marine 
^:onditions  of  deposit,  there  is  an  uncertainty  as  to  whether  the  change  took 
^multaneously  on  all  the  sections,  and  it  is  possible  that  the  upper  portion 
'^)f  the  nummulitics  west  of  the  Jehlam  were  formed  contemporaneously  with 
;yart  of  the  typical  Dagshii  group,  while  the  hill  type  of  nummulitic  lime- 
•^tone  may  be  merely  a  deep  water  formation  of  the  same  age  as  the  typical 
-Subithus. 

In  this  connection  the  Salt  range  section  is  of  some  importance.     The 
j)rescnce   of  coal  seams  in  the  shaly  beds  at  the  base  of  the  tertiary  rocks 
naturally  suggests  their  equivalence  to  the  Subithu   group,  and  it  is  even 
stated  that  the  pisolitic  lateritic  bottom  bed  of  the  Subithus  is  found  in  the 
Salt  range.     There  is,  however,  some  doubt  as  to  this  last.     It  is  not  pos- 
sible to  recognise  this  bed  with  certainty  in  Mr.  Wynne's  description,  and 
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it  is  not  evident  whether  the  only  specific  statement  of  identity  is  based  on 
actual  observation.* 

The  mere  presence  of  coal  seams  is  no  proof  of  contemporaneity,  and 
what  palaeontological  evidenre  is  available  points  to  an  older  age  for  the 
Salt  range  nummulitics  than  that  of  the  Subitha  group.  The  presence  of 
Cardita  beaumonti^  a  species  characteristic  of  the  passage  beds  between 
(he  cretaceous  and  nummulitic  in  Sind,  in  the  shales  below  the  main  lime- 
stone of  the  Salt  range,  shows  that  they  cannot  well  he  later  than  oldest 
eocene  in  age.  Of  the  46  species  described  by  Messrs.  D'Archiac  and 
Haime  from  the  nummulitics  of  the  Salt  range,  13  are  found  in  the 
Rclnfkot,  group  of  Sind,  14  in  the  Kirthar,  of  which  6  are  also  found  in  the 
Rdnfkot,  while  3  are  found  in  G4j  and  Nari  beds.  From  the  Sub<lthu  bed 
49  species  were  described,  of  which  not  one  is  also  found  in  the  Salt  range, 
a  difference  of  fauna  which  must  be  almost  entirely  due  to  the  Sub<lthu  bed 
having  been  deposited  in  shallow  muddy  water,  while  the  Salt  range 
species  inhabited  a  deeper  and  clearer  sea.  The  same  cause  that  led  to 
the  distinction  between  the  fauna  of  the  Sub^thu  and  Salt  range  nummu- 
litics restricted  the  number  of  Sind  species  found  in  the  former,  and  we 
find  that  there  are  only  10  species  in  all,  of  which  2  are  R^nikot,  7  Kirthar 
and  I  Gij.  The  general  facies  of  the  fauna  is  consequently,  so  far  as  the 
more  limited  evidence  allows  us  to  judge,  newer  than  that  of  the  Salt  range 
nummulitics. 

The  upper  portion  of  the  nummulitic  series  is  wanting  in  the  Salt  range, 
where  the  clear  nummulitic  limestones  are  unconformably  overlaid  by  the 
upper  tertiaries.  It  is  not  clear  how  far  the  hill  type  of  nummulitic  lime- 
stone to  the  north  may  represent  the  nummulitic  limestone  of  the  Salt 
range,  Palaeontological  evidence  is  wanting,  and  though  there  is  a  consi- 
derable llthological  diversity,  there  is  none  that  could  not  be  accounted  for 
by  local  variations  in  the  conditions  of  deposition  and  by  the  greater  dis- 
turbance that  the  northern  beds  have  undergone. 

Whether  there  is  an  exact  equivalence  in  time  of  the  two  types  of  num- 
mulitic deposits  or  no,  the  existence  of  marine  conditions  in  the  Salt  range, 
at  a  period  anterior  to  the  formation  of  the  typical  Subithu  group,  deprives 
us  of  any  compulsion  regard  to  the  nummulitic  series  west  of  the  Jehlam  as 
coeval  with  that  further  east,  and  it  is  on  the  whole  more  natural  to  adopt 
Mr.  Wynne's  original  correlation  of  the  upper  shaly  beds  in  the  western 
area  w  ith  the  typical  Subithus,*  and  to  look  on  the  underlying  limestones 
and  associated  beds  as  older,  and  unrepresented  on  the  Subithu  section. 

In  the  north-west  Punjab  and  in  the  Jammu  hills  the  eocene  beds  are 
conformably  overlaid,  and  pass  by  interstratification  into  a  great  thickness 
of  red  and  purple   clays,    with   interbcddcd   grey  or   purplish  sandstones, 

»   Records,  IX,  54,  (1876).  j  ^  Records,  X,  109,  (1877). 
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precisely  similar  in  lithological  compcsiiion  as  in  stratigraphical  position  to 
the  Dagshdi  and  Kasauli  groups  of  the  Sirmur  area.     The  ridge  on  which 
the  hill  station  of  Murree  stands,  as  well  as  the  hills  to  the  south-east  of  it, 
are  composed  of  these  beds,  which  have  consequently  been  known  as  the 
Murree   beds.^     They   have,   however,    been    traced  to  the  R4vi,  where 
they  are  directly  continuous  with  a  band  of  rocks,  originally  regarded  as 
representing  the  Ndhan  or  lower   portion   of  the    upper   tertiaries,   but 
now    recognised    as  belonging    to   the   Sirmur   series.     There  is  thus   a 
direct  continuity  of  outcrop,  as  well  as  a  similarity  of  stratigraphical  po- 
sition with  regard  to  the  nrarine  nummulitics,  which  leaves  little  room  for 
doubting  that  the  Murree  beds  represent  the  Dagsbii  and  Kasauli  groups 
of  the  Simla  region.     What  little  possibility  of  doubt  there  might  remain  is 
removed   by  the   discovery   of   the   palm    Sabal   major   at    Kasauli,   and 
in   the  Murree  beds  in  the  Jehlam  valley,*  and  by  the  recognition  of  the 
Kas;iuli  plant  bed  in  the  Rdvi  valley.' 

The    plant   in    question    ranges    from  lowest  to   middle    miocene    in 
IKurope,  and  as  it  is  found  in  India  near  the  top  of  a  series  of  beds  inter- 
diate  between  the  eocene  and  the  lower  Siwdlikbeds  which  are  regard- 
d  as   upper   miocene  on  independent   grounds,  it   will  be  seen  that   the 
tratigraphical  position  of  the  species  is  similar  in  the  tuo  areas,  and  that 
he  Dagshcliand  Kasauli  groups  may  be  regarded  as  covering  the  oligocene 
E:ind  lower  miocene  periods  of  European  geology. 

Apart   from  these  fossil  plants  no  organic  remains    are  known   with 
certainty  to  occur  in  the  Murree  beds,  any  more  than  in  the  Dagshii  group 
£n  its  typical  area.     Bone  fragments,  crocodilian  scutes  and    exogenous 
■ossil  timber  are  found  in  certain  beds,  resting  on  the  nummulitic  lime- 
stone of  the  Salt  range,  which  Mr.  Wynne  regarded  as  forming  part  of 
liis  Murree  group.*     It  is,  however,  veiy  doubtful  whether  these  beds  can 
T)e  regarded  as  the  equivalents  of  any  portion  of  the  Dagshii  or  Kasauli 
groups,  or  of  the  Murree  group  as  originally  defined,  in  spite  of  the  very 
indefinite    nature   of   its   upper    limit.     There    is   a   well  marked    uncon- 
formity between  the  nummulitie  limestone  and  the  beds  immediately  over- 
lying it,  whose    importance    Mr,    Wynne     was   inclined  to  minimise,  but 
it  certainly  represents  a  considerable  lapse  of  time,  as  is  shown  by  the 
occurrence  of  conglomerates  composed  of  pebbles  of  the  underlying  num- 
mulitic limestone  at  the  base  of  the  upper  tertiaries,  by  the  complete 
cutting  out  of  th6  eocene  beds   at  either  end  of  the  Salt  range,  and  by 
the  occurrence,  as  determined  by  Mr.  Theobald,  of  Mastodon  latidens  and 
Rhinoceros  palsetndicusm  2l  fossiliferous  zone,  about  lOO  feet  above  the 
nummulitic  limestone.     These  two  animals  mark  the  age   of   the   beds   in 
which  they  are  found  as  upper  miocene  at  oldest,  and  show  that  a  great 

1  A.  B.  Wynne,  Records,  VII,  66,  (1874).  '  H.  B.  Medlicott,  Records,  IX,  52,  (1876). 

■  O.  Fcistmantcl,  Uecoids,  XV,  51.  (1882).       «  Records,  X,  119,  (1877). 
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interval  of  time  must  have  elapsed  aftei  the  deposition  of  the  middle  eocene 
nummulitic  limestone,  an  interval  uhich  would  be  filled  by  the  oligocene 
and  lower  miocene  Dagshcli  and  Kasauli  groups. 

How  far  the  lithological  dibtinclion  between  the  Dagishii  and  Kasauli 
groups  is  maintained  in  the  Jammn  and  Hazira  hills  is  not  clearly  deterniin- 
able  from  the  published  descriptions,  but  as  the  Murree  beds  are  said  to 
pass  with  perfect  transition  into  thAt  great  series  of  lippcr  tertiary  deposits 
known  as  the  SiwcLlik  series,  it  is  piobable  that  there  is  a  distinction 
between  the  lower  and  upper  portion,  analogous  to  that  between  the  two 
groups  in  the  Simla  region. 


The  name  Siwalik,  originally  applied  to  the  range  of  hills  separating 
the  Dehra  Dun  from  the  plains,  has  been  extended  by  geographers  to  the 
fringing  h  lis  of  the  souihern  foot  of  the  Himalayan  range,  and  applied  by 
geologists  to  that  great  system  of  subaerial  river  deposits  which  contains 
remains  of  the  *'  Fauna  antiqun  :^ivalensisJ^  In  spite  of  local  variations 
of  texture,  inevitable  from  their  mode  of  formation,  these  upper  tertiary 
beds  of  the  Siwalik  series  maintain  a  great  uniformity  of  type  along  the 
whole  length  of  the  liimilayan  range. 

Lithologically  the  lower  portion  of  the  system  is  characterised  by  a 
great  thickness  of  fine  grained  grey,  micaceous,  pepper  and  salt  sandstone, 
intcrbedded  with  clay  bands  near  its  lower  portion,  while  the  upper  part 
of  the  system  is  composed  of  soft  earthy  clays,  undistinguishable  from  the 
alluvium  of  the  plains  except  by  the  disturbance  they  have  undergone,  and 
coarse  conglomerates  of  weU  rounded  pebbles  and  boulders  of  cr)'Stalline 
and  metamorphic  rocks  derived  from  the  Himalayan  ranges* 

In  the  neighbourhood  of  Nihan  this  system  was  originally  divided 
into  two  members,^  a  lower,  to  which  the  name  of  Nihan  was  ap- 
plied, and  an  upper,  to  which  the  name  Siwilik  was  restricted.  In 
this  area  the  boundary  between  the  two  groups  is  a  great  fault,  but 
there  must  be  a  real,  if  local,  unconformity,  for  the  upper  SiwAlik  con* 
glomerates  contain  numerous  pebbles '  of  the  N^han  sandstones  they 
are  faulted  into  contact  with.  The  di^tinction  between  the  Ndhan  and 
Siwdlik  zones  appears  to  be  well  maintained  in  a  south-ea«iterly  direc- 
tion as  far  as  the  borders  of  Nepdl,  but  to  the  north-we.^t  it  disappears, 
and  there  appears  to  have  been  a  continuous  series  of  deposits,  ranging 
from  the  bottom  to  the  top  of  the  upper  tertiary  formations.  No  fossils 
have  yet  been  found  in  the  typical  Ndhans,  though  it  Avould  appear  that 
they  do  occur,'  but  to  the  north-west  representatives  of  the  Siwalik  fauna 


*  H.  B.  Medlicotf,  i/^»iM>5,  III,  pt.  i,  pp.  17, 
101,  (1864). 
'-*  H.  B  .Medlicott, /?<for<;s,XIV,i72,  (1881). 


'  See  H.  B.  Mfdlicott,  Memoirs^  III,  pt.  it) 
p.  16,  (1864)  ;  Records^  XIV,  71,  footnote' 
(1864). 
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oeoiirlow  down  in  tlie  series,  in  beds  which  very  possibly  represent  the 
M^Han  group  as  originally  defined.  Under  these  circumstances  it  has 
been  found  inadvisable  to  retain  the  separation  between  Ndhan  and  Siwdlik, 
and  the  former  are  now  classed  as  lower  Siwilik,  though  Ihe  term 
fnsty  be  retained  as  a  useful  local  designation  for  a  particular  type  of 
fojTirftation. 

The  Nihan  group  is  composed  of  alternating  beds  of  a  fine  grained, 
usually  grey,  firm  sandstone,  and  of  clays,  usually  bright  red  in  colour 
aiicJ  almost  always  some  shade  of  red  or  purple,  "which  weather  in  a 
Dodular  manner.  I'he  clays  usually  prevail  in  the  lower  part  of  the  group 
and    the  sandstones  i  n  the  upper. 

The  lithology  of  this  group  resembles  very  closely  that  of  the  Uag- 
sb^i  group,  and  one  might  be  tempted  to  regard  them  as  equivalent  to 
^aoH  other.      The   equivalence   cannot  be   absolutely  disproved  till    the 
area,  west  of  the  termination  of  the  typical  lower  Himalayas,  in  the  Kingra 
valley  and  the  Jammu  hills,  has  been  examined  in  greater  detail  than  has 
yet    been    done,  but   m  the  meanwhile  there  are  good  reasons  for  sup- 
posing that  tbe   lithological  similarity  between   the  two  groups  is  due  to 
a.  similarity  in  therr  condition  of  deposition  and  does  not  mean  contem- 
poraneity of  origin.    In  the  first  place  tlie  two  groups  are  found  in  distinct 
areas,  separated  by  a  marked  structural  feature,  exhibiting  itself  at  the  pre- 
sent day  as  a  fault  of  many  thousand  feet  throw.     As  will  be  shown  in  a 
subsequent  chajyter,  this  fault — commonly  known  as  the  main  boundary — is 
connected  in  a  peculiar  manner  with  the  elevation  of  the  Himalayas,  and  it 
is  highly  improbable  that  the  beds  exposed  south  of  it  are  of  the  same  age 
as  those  found  to  the  north.     Another  argument  depends  on  the  fact  that 
110  exposure  of  the  Subdthu  group  has  been  found  even  in  the  deepest 
cut  sections  of  the  typical  N^han  group,  and  a  third  may  be  derived  from 
^fc^  smaller  degree  of  induration,  indicating,  though  not  proving,  a  younger 
^&<^.     In  the  country  north  of  Ndhan  town,  where  the  Ndhan  and  Dagshai 
groups  arc  brought  into  contact  with  each  other,  on  opposite  sides  of  the 
*"**Ti  boundary  fault,  the  sandstones  of  the  former  always  weather  into 
soft   rounded  lumps,  while  the  DagshcLi  sandstones  weather  into  angular 
'^^^gments,  which  have   lost  the  sharpness  of  their  angles,   but  exhibit  a 
"^**crh  less  degree  of  weathering  than  that  to  which  the  Nilian   beds  have 
tindtirgone     Finally   the  red  clay  beds  which  have  already  been  mentioned 
^    occurring   at  the  top  of  tfte  Kasauli  group,  though  they  differ  some- 
^^^^  t  from  the  typical  Nihan  clays,  resemble  them  suflkiently  to  point  to  a 
^^*^Urn  of  I  he  conditions  of  deposition  which  prevailed  in  tl>e  Dagshii  and 
^^Vian  periods,  and  suggest  that  on  an  unbroken  section  the  Nihan  would 
^  found  to  overlie  the  Kasauli  group. 

No  fossils  have  been  described  from  the  typical  Nihans.     It  is  possible 
^^^^tsome  of  the  lower  Siwilik  fossils  found  in  the  nortb  west  f^unjab  may 

2  A  2 
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have  been  derived  from  beds  of  the  same  age,  but  the  supposition  lacks 
proof.  There  seems  however  to  be  little  room  for  doubt  that  Sir  Proby 
Cautley  did  find  fossils  on  the  northern  side  of  the  hill  on  which  the  town 
ot  Nclhan  stands,  and  consequently  in  the  beds  of  the  Nihan  group,  but  the 
specimens  were  lost  before  they  had  been  examined  by  a  palaeontologist. 

The  Nihan  group  is  succeeded,  on  those  sections  where  the  sequence 
is  complete,  by  an  immense  thickness  of  soft  sandstones,  generally  coarser 
in  grain  and  more  micaceous,  mostly  of  a  pepper  and  salt  giey  colour, 
with  some  interbedded  bands  of  earthy  clay,  occasionally  slightly  tinged 
with  red,  but  never  assuming  the  bright  red  colours  of  the  Nihan  clays. 
The  argillaceous  beds  are,  for  the  most  part,  confined  to  the  lower  part  of 
the  group,  the  middle  part  being  usually  composed  of  some  thousands  of 
feet  of  sandstones,  without  any  intercalation  of  shale  on  the  one  hand,  or 
any  included  pebble  on  the  other.  In  the  upper  part  of  the  group  strings 
of  pebbles  occur  among  the  sandstones,  which  become  more  numerous  till 
bands  of  conglomerate  appearand  increase  in  abundance  and  coarseness. 

The  uppermost  group  of  all  varies  very  much  in  character.  Near  the 
large  rivers  draining  from  the  central  Himalayas,  it  consists  principally 
of  coarse  conglomerate,  composed  of  rounded  boulders  of  the.  harder  rocks 
of  the  Himalayan  chain.  In  the  intermediate  stretches  of  ground  it  is 
composed  largely  of  soft  earthy  beds  precisely  similar  to  those  of  the 
modern  alluvium  of  the  plains. 

1  he  details  of  this  variation  in  lithology  of  the  upper  Siwilik  beds,  as 
well  as  the  structural  features  of  the  Siwihk  zone,  are  of  great  interest,  but 
their  principal  interest  lies  in  their  bearing  on  the  age  and  elevation 
of  the  Himalayan  chain,  and  they  will  consequently  be  considered  in  the 
chapter  devoted  to  that  question.  At  prehent  it  will  be  sufficient  to  point 
out  the  conditions  under  which  the  Siwdlik  series  was  deposited.  The 
earlier  observers  regarded  this  great  .series  of  beds  as  having  been  deposited 
in  a  sea,  a  supposition  which  is  sufficiently  disproved  by  the  complete 
absence  of  any  marine  organisms,  and  by  the  occurrence  of  the  remains  of 
fresh  water  molluscs,  fishes  and  tortoises.  It  is  hardly  possible  that  they 
could  have  been  deposited  in  a  fresh  water  lake,  for  it  is  not  conceivabl; 
that  a  fresh  water  lake  extending  the  whole  length  of  the  Himalayas  could 
have  existed.  Moreover,  the  fresh  water  organisms  whose  remains  have 
been  found  are  all  such  as  inhabit  streams,  and  not  lakes.  But  the  most 
conclusive  proof  of  all  lies  in  the  evident  unity  of  the  whole  Siwiiik  series, 
pointing  to  the  whole  of  it,  with  the  possible  exception  of  the  Ndhan  group, 
having  been  formed  under  very  similar  conditions,  while  the  very  close 
resemblance  between  the  upper  Siwdlik  beds  and  the  recent  deposits  of 
the  Gangetic  plain  leaves  little  room  for  doubt  that  the  .Siwdlik  beds  were 
deposited  subaerially  by  streams  and  rivers. 

The  thickness  attained  by  the  Siwdlik  series  is  immense,     Mr.  Wynne 
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estimated  it  at  14,000  feet  in  the  north-west  Punjab.  In  the  Si\v4lik 
hills  there  are  at  least  15,000  feet  of  beds,  and  the  series  is  by  no 
means  completCi  and  similar  vast  thicknesses  may  be  measured  on  any 
section. 


The  few  mollusca  which  have  been  found  in  the  upper  Siwdliks  belong 

solely  to  fresh  water  or  terrestrial  forms,  and  the  first  comparison  that  was 

made  ^  was  carried  out  under  circumstances  so  unfavourable,  with  so  poor  a 

collection  of  recent  species  from  India,  and  at  a  time  when  the  latter  were  so 

imperfectly  known,  that  but  little  weight  can  be  attached  to  the  conclusions 

formed.     The  majority  of  the  specimens  obtained  are  in  poor  preservation, 

but    all  the  forms  collected  from  upper  or  middle  Siwilik  beds,  since  the 

recent  fresh  water  shells   have   been  better  known,   have  proved  to   be 

eitlier  identical  with  living  species,  or  closely  allied  to  them.     Amongst 

those  hitherto  identified,  the    only    land  shell   is  Bultmus  tnstdaris^  a 

species  which  ranges  at  the  present   day  from  Africa   to  Burma,  whilst 

amongst  fresh  water  molluscs,  the  t\^o  common  Indian  river  snails  Palu- 

dina  bengaiensis   and  P.   dissimi/is  have  been  recognised,  and  forms  of 

M^iania,  Ampullar ia  and  Unto  also  occur.' 

So  far  as  the  evidence  extends,  therefore,  the  few  mollusca  of  the 
Siwdliks  tend  to  show  that  the  beds  must  be  of  upper  and  middle  tertiary 
date.  But  the  evidence  afforded  by  the  mollusca  is  imperfect,  and  both 
closer  comparison  and  a  larger  series  of  fossil  specimens  are  desirable 
before  any  very  positive  assertions  can  be  made  as  to  the  antiquity  of 
the  Siwilik  series,  on  the  data  afforded  by  the  invertebrata.  In  investi- 
gating the  question  of  age,  we  are  consequently  forced  to  depend,  first 
upon  the  vertebrata,  and  especially  the  mammalia,  and  secondly  upon 
such  geological  evidence  of  connection  with  other  formations  of  known 
age  as  the  rocks  afford. 

The  first    question,   then,  is  the  homotaxial  relation  of  the  mammalian 


*  E.  Forbes,  in  Falconer's   Palaeontological 
Memoirs,  London,  1886,  I,  p.  389. 

Theobald,  MS.;   Geoffrey  Nevili,  Records. 

^^t  106,(1882).     As  in  this  and   the  followng 

paragraph  Mr.  Theobald's  view  of  the  affinities 

0'  the  Siwdlik  mollusca  has  been  accepted  in 

Preference  to  the  high  authority   of   Prof.    E. 

Forbes,  it  is  only  just  to  say  that  Mr.  Theobald 

^5  a  far  more   extensive   knowledge  of  living 

Indian  fresh  water  shells  than  it   was  possible 

fur  any  naturalist  in  Europe  to  acquire  at   the 

period  when  Prof.  E.  Forbes*  note  was  written. 

Indeed,  it  is  evident  from  Prof.  Foibes*  remarks 

t^t  the  collections  of    recent  Indian    shells 


examined  by  him  were  too  imperfect  to  enab'e 
him  to  form  a  competent  opinion.  Mr.  Benson, 
a  better  authority  on  this  particular  subject 
than  Forbes,  considered  the  most,  if  not 
the  whole,  of  the  Siwdlik  mollusca  identi- 
cal with  existing  species  (Falconer:  Palac- 
oato!og:ca'  Memoirs.  I,  pp.  26,  181).  Of  three 
species  in  the  Survey  collections,  two  were 
identified  by  Mr.  Geoffrey  Nevill  with  living 
forms. 

'  Some  extinct  fluviatile  molluscj  have  been 
found  in  the  lower  Siw&Jik  strata  of  the  Bug- 
ti  hills  associated  with  a  vertebrate  fa ujia  c( 
miocene  facies.     See  supta^  p.  319. 
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fauna  which  has  been  obtained  from  the  two  upper  groups  of  the  Siwclliks 
series.  The  true  age  of  this  fauna,  whether  miocene  or  pliocene,  was  at  one 
time  disputed  and^  though  there  is  happily  no  further  controversy  regard- 
ing this  point,  the  question  presents  points  of  sufficient  interest  to  claim 
somewhat  extended  notice. 

The  following  list  of  genera,  with  the  number  of  species  of  each  that 
are  know^n,  comprises  all  that  have  been  found  in  the  typical  Siwilik 
area,  excluding  the  fauna  of  the  Manchhar  beds  in  Sind  and  of  Perim 
island  which  appear  to  belong  to  an  older  period  than  the  fossiliferons 
beds  of  the  sub-Himilayas;  genera  still  living  are  distinguished  by  an 
asterisk  :— 

Primatrs  — 

•  Troglodytes,  r  ;  ♦  St  mi  a,  1 ;  ^Semnopithecus,  1 ;  ^Macacus,  t ;  ^Cynocefhalus,  2. 

Carnivora-^ 

•  Musfela,  i ;  *Mellivora,2;  Mellivorodon,  i ;  ^Lntra,  3;  Hyetnodon,  i ;   Ursus,  i ; 

Hyanarcius^  3  ;  Amphicyon,  1  ;   *  Cam's,  2  j  *Viverra,  2 ;  ^Hytena,  4  ;  Upthy- 
tena,  i ;  Hy<enictis,  i ;  CEluropsis,  i ;  (Elttrogale,  i ;  ^Felt's,  5  ;  Mnchaerotitis,  2. 

Proboscidea — 
*Elephas,  6  ;  *{Euelephas,  i,  ^Loxodon,  r,  Stegodon,  4) ;  Miistodon,  5. 

Unoulata— * 

Chalicotherium,  i ;  ^Rhinoceros,  j;  ^Equus,  1  ;  Hipparion,  2 ;  ^Hippopattimtts,  i ; 
Tetraconodon,  i ;  *Sus,  5;  Hippohyus^  i ;  SLniiherium,  i  ;  Mery^opoiamus,  3 ; 
*Cervus,  3;  Dorcatlierium,  2\  *Tragulits,  r  ;  ^Moschus,  i ;  Pnpalieomeryx^  1 5 
*Camelop,irdalis,  i ;  Belludotherium,  i ;  Hydospitherivm,  2  ;  Sivatherium,  i  ; 
*Alcelophus,  I ;  ^UaBella,  i;  ^Cobns,2;  ^AntUope,  i ;  Hippotragus,  1  i*0reas^3)  /; 
*Strepsiceros,(t)  /;  BoSilophus,  i;  Pnlaeoryx,  Ci)  i;  Hemibos,  i  ;  Lepi^bos,  1; 
'^Bubaiutt  2 ;  ^B$son,  i ;  Bos,  3  ;  Bucapra,  x  ;  *Capra^  2;  *Ovisy  /;  ^Camelus,  2, 

RODENTIA— ' 

♦  Mus  {NesokU),  1 5  *Rhyeomys,  r;  *HysMx,  t ;  ^Lepiis^  /. 

AVES— 

*  Phalacr ocorax,  i  ;  ^Pelecanus,  2;  *Leptoptilus,  1  ;    ^Mergns,  i;  ^Struthio,    i; 

*Dromaeas,  /. 

Reptilia— 

Crorodilia— ♦Crcca</i7«f,  /  ;   ^Gharialis,  31  Rhamprosuchus,  1, 
Lacertilia — ♦  Varanus,  /• 

Chelonia — Colossochelys,  i ;  ^Damonia,  /  j  *Beilia,  2;  ^Kachuga,  3;  ^Hardella, 
I ;  *Emyda,  4 ;  ^Trionyx,  j  ;  *Chitra,  /. 

Pisces— 

* Ciircharias,  1  ;  *  Opfiiocej  halus,  r;  ^Clarias,  t;  * Heterohranchus,  n  ^Chrysichthys, 
I ;  * Macrones,  i ;  ^Rita,  i ;  *Artus,  i ;  *Eagarius,  1, 

Only  very  imperfect  information  exists  as  to  the  exact  horizon  in  the 
Siw^lik  series  at  which  the  bones  of  a  large  proportion  of  the  species 
have  been  found,  but  the  great  majority  are  from  the  upper  and  middle 


Oiiap.  XIV.] 


AGE   OF  THE  SIWALIK   FAUNA. 


361 


Siw^lik^,  non^  ip  the  typical  area  being  knowi>  to  occur  in  tlie  lower  or 
Nihan  subdivision.  It  is,  however,  by  no  mean^  certain  that  some  of  the 
specimens  from  the  north-western  Punjab  are  not  derived  from  beds  of 
the  same  age  as  the  Nihan  group,  and  it  is  highly  probable  that  some 
other  forms  with  middle  tertiary  affinities  would  be  found  to  be  confined 
to  lower  Siw^lik  beds,  if  the  precise  horizon  of  all  the  bones  collected  were 
known.^ 

On  the  other  han^i  one  pleistocene  form,  Bos  [Bubalus)  palaeindicus^ 
has  bee  n  fopnd  in  the  highest  Siwilik  strata,  associated  with  Camelus 
^jva/ensiSj  CoiossochelySy  etc. ;  and  two  species  of  elephant,  belonging  to 
t^lie  subgenus  Siegodon^  viz.  E.  instgnis  and  ^.  ganesa^  range  throughout 
t^lie  upper  Siwdliks,  and  recur  in  the  pleistocene  deposits.  The  species 
of  proboscidians  generally  appear  to  have  had  a  more  extensive  range, 
both  in  space  and  time  than  most  of  the  forms  belonging  to  other  mam- 
malian orders,  but  Bos  palasindicus  is  an  animal  pf  exceptionally  recent 
aspect,  even  in  ihe  pleistocene  mammalian  fauna,  since  it  is  only  distin- 
^^uishable  from  the  living  Bos  bubalus  (Bubalus  buffelus  v.  B.  arni^  auct.) 
lj$y  comparatively  trifling  and  unimportant  osCeological  details.  It  must 
«^vidently  have  been  a  very  near  ally,  and  in  all  probability  the  not  very 
distant  progenitor,  of  the  buffaloes  which  now  inhabit  the  Ganges  valley, 
-/Vssam,  and  parts  of  the  Central  Provinces  of  India. 

'I  he  SiwcLlik  forms,  however,   which  might  be  excluded  on  account  of 

belon}?ing  to  an  older  or  a  newer  fauna,  and  of  being  supposed,  on  more  or 

l«ss  strong  evidence,  to  be  confined  to  either  the  lowest  or  the  uppermost 

ortions  of  the  series,  are  too  few  in  number  to  affect  the  general  facies, 

nd  there  are  unquestionably  several  miocene  types  and  some  pleistocene 

Species    found    in   the    highly  fossiliferous  upper  Siwilik  beds.      It  is  best 

^lerefore,  for  the  present,  to  include  all  the  forms  enumerated. 

Proceeding  then  to  classify  the  genera  of  mammalia  above  given, 
it  will  be  found  that  thirty-nine,  comprising  seventy-one  species,  still  exist 
t^the  livir.g  species  being,  however,  different  in  nearly  every  case),  whilst 
twenty  five  with  thirty  seven  species,  are  extinct. 

Of  the  extinct  genera,  excluding  those  that  are  purely  Indian,  CElurogale 

^TiA  Hysenodon  are  found  in  oligocene  beds,  the  latter  ranging  into  the  mio- 

crcne  ;  of  the  miocene  genera,  Dorcatherium  ^xiA  Amphicyon  are  not  known 

1 10m  newer  beds,  while  Hyxnarctus,  Chalicotherium^  and  Hippaiion  range 

i»ilo  the  pliocene,  Machasrodus  and  Mastodon  into  the  pleistocene;  Hella- 

^othertum  and -P^/ct't^r^jr  are  purely  pliocene  forms,  while  the  distinction 

of  Hemibos  from  the  living  Bubalus  is  very  doubtful. 

Of  the  other  extinct  forms,  not  known  out  of  India,  two  [HippohyusdiXiiiL 


'  A  very   large  proportion    of   the  Siw^Iik 
remains  have  been  obtaiiied  by  native  collec* 


tors,  and  of  course  the    precise  locality  of  the 
bones  is  in  most  of  these  cases  doubtfuJ. 
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Meryropotamus)  belong  to  the  less  specialised  types  characteristic  in 
general  of  the  older  and  middle  tertiaries.  Several  others,  such  as  Tetra* 
conodon^  with  its  enormously  developed  premolar  teeth,  and  the  huge 
four-horned  Sxvatherium^  differ  widely  from  anything  now  existing,  but, 
being  highly  specialised  forms  there  is  nothing  in  their  organisation  to 
indicate  that  they  are  of  earlier  age  than  newer  tertiary. 

Amongst  the  recent  genera  represented  in  the  Siwaliks,  ten,  viz.  Mustela 
Fell's^  Cant's,  Viverruy  Lutra,  Rhinoceros,  Sus,  Cervus,  and  Hystrix 
are  known  to  range  as  far  back  as  upper  miocene,  and  in  one  or  two  cases 
even  further ;  twelve,  viz.  Macacus,  SemnopithecuSy  Ursus,Hyaena,  Elephas, 
Equus,  Hippopotamus,  Camelopardalis,  Gazella,  Bos,  Capra,  and  Mus, 
are  known  from  the  European  pliocene  beds,  but  not  earlier;  whilst 
Troglodytes,  Simia,  Cynocephalus,  Mellivora,  Cobus,  Ant  Hope,  Oreas^ 
Strepriceros,  Capra,  OviSy  Camelus,  and  Rhizomys,  have  hitherto  only 
been  found  in  recent  or  pleistocene  deposits,  outside  of  India. 

This  examination  of  the  relations  between  the  SiwcLlik  genera  and  the 
distribution  of  similar  forms  in  European  tertiaries  leads,  as  might  be 
anticipated,  to  a  somewhat  uncertain  result.  The  proportion  of  living  to 
extinct  genera  is  greater  than  is  found  in  most  miocene  deposits,  but  not 
more  than  appears  to  exist  in  the  characteristically  middle  tertiary  ossi- 
ferous beds  of  Sansan  in  France.^  The  presence  of  four  extinct  genera 
not  known  to  range  above  the  miocene  period  elsewhere,  is  contrasted 
with  the  occurrence  of  twenty-five  genera  not  found  elsewhere  at  a  lower 
horizon  th;m  pliocene  or  pleistocene.  There  is  perhaps  rather  more  pro- 
bability that  early  forms,  like  Dorcatherium  and  Hyaenodon,  should  have 
survived  longer  in  India  than  they  did  in  Europe,  just  as  rhinoceroses, 
tapirs,  and  elephants  still  exist  in  the  tropics,  associated  with  a  fauna 
amongst  which  they  appear  antiquated  and  out  of  place,  than  that 
such  eminently  specialised  types  as  Macacus,  Bos,  Capra,  or  Equus, 
should  have  lived  in  miocene  times,  but  the  argument  is  of  small  value, 
for  the  miocene  Cervus  and  Antilope  were  in  all  probability  as  highly 
specialised,  or  nearly  so,  as  the  Siwdlik  genera.  The  fact,  however,  that 
the  recent  genera  contain  more  species  than  the  extincc  forms  is  of  some 
importance,  since  it  is  probable  that  types  which  were  dying  out  would  be 
represented  by  fewer  species  than  those  which  were  supplanting  them, 
and  which  might  fairly  be  credited  with  the  vitally  important  power  of 
producing  distinct  specific  stocks  by  variation.  A  stronger  argument  for 
the  newer  age  of  the  Siwdlik  beds  is  to  be  found  in  the  close  approxima- 
tion between  some  of  the  mammals  and  the  living  species  of  the  same 
genera,   the  most  remarkable  of  all  being  the  connection  already  noticed 

*  Gervais,  Zoologie  ct  Pal^ontologie   Fran^aises,   2nd  ed.,  Paris,  1859,  p.  338. 
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stratigraphical  evidence  supports  the  view  that  these  beds  are  of  pliocene, 
and  not  of  miocene  age,  before  proceeding  to  notice  some  other  interest- 
ing points  of  connection  between  the  Siwilik  and  other  faunas,  recent 
and  extinct. 

The    stratigraphical,   as  distinguished    from    the   purely   homotaxial 
relations  just  discussed,  depend  entirely  upon  the  connection  between  the 
typical  Siwiliks  and  the  Manchhar  beds   of  Sind.     The   position   of  the 
latter    has   been     already     described,     and    it     was    shown     that    the 
Manchhar    beds,  comprising  where  thickest    but  little  less   than    10,000 
feet    of    strata,    rest   upon   the    Gaj    group,    whose  age    is  determined 
by  the  far  more  satisfactory  data  afforded   by   marine   organisms,   and    is 
shown    to  be    more    probably    upper    than    lower   miocene.     The  lower 
Manchhar  beds  pass  down  into  the  Gaj  rocks,  so  that  it    is    reasonable 
to    believe    that  no   important    difference  of    age     exists   between    the 
two.     It  has   .ilso  been    shown  that  the    mammalian   fauna  of    the   lower 
Manchhars,    although   containing   several    species    in  common    with  the 
Siwdliks,  is  altogether  older  in  aspect,   and  that  the  majority  of  the  forms 
hitherto  recognised  belong  to  the  peculiar  types    of   even  toed    ungulates 
allied  to  Merycopotamus  and  Anthracolherium^  intermediate  in  character 
between     pigs     and    ruminants,    and     characteristic     of     the      miocene 
epoch.     In    these  lower    Manchhar   beds     there   is  also  found  a  form   of 
Dinotherium^  miocene   type    unknown    in  the  Siwiliks   proper,     though 
found    (the  species    being   distinct)    in  the  beds  of  Perim  island.    Now, 
there  can    be    no  reasonable   doubt    that    the    Manchhar    beds  of  Sind, 
as  a  whole,    correspond    with   the    Siwilik   formation  of  northern    India, 
for  the  two  are  portions  of  one  continuous  band  of  upper  tertiary  rocks,  and 
viewed  in  this    light,   the    relations    of  the  faunas    are    very  striking,  the 
fossiliferous  lower  beds  of   the  Manchhar  group  corresponding  to  the  un- 
fossihferousNahans,  an<l  the  almost  unfossiliferous  upper  Manchhar  beds  to 
the  ossiferous  strata  of  the  Siwdliks.      If,  therefore,  the  lower  Manchhars  of 
Sind  are  upper  miocene,  so  is  the  Nahan    group  of   the  Punjab,  and   it  is 
impossible,  either  on  stratigraphical  or  pal  aeon  tological  grounds,    to  class 
the  fossiliferous  middle   Siwdliks  lower  than  pliocene,  the  upper  Siw;^liks, 
which  contain    Bos    {Bubalus)  palaindicus^  being   probably    upper    plio- 
cene.    Briefly   stated,    the   evidence  is  that  the  SiwcLlik    fauna   is  newer 
than  the  Manchhar  fauna,  and  found  in  higher  beds,  and  that  the  Manchhar 
fauna  is  not  older  than  upper  miocene. 

It  is  impossible  to  enter  at  lenglhinto  the  detailed  relations  of  the 
SiwAlik  fauna  with  the  forms  found  in  various  newer  tertiary  strata.  There 
is  however  one  European  fossil  fauna  which  is  of  singular  interest  from 
its  resemblance  to  that  of  the  Siwilik  beds.    In   this  collection  of  extinct 
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mammalia,  which  was  first  discovered  at  Pikermi  in  Attica,*  and  has  since 
been  found  at  Samos  and  Mytilene  on  the  coast  of  Asia  Minor,  at  Baltavar  in 
Hungary  and  at  Maragha  east  of  lake  Urmia  in  northern  Servia,  not  only  is 
there  a  remarkable  admixture  of  typically  miocene  forms  with  other  species 
which  have  a  later  aspect,  but  there  is  the  same  remarkable  abundance  of 
true  ruminants,  amongst  Ihem  several  species  of  Girajfdce  and  of  Anii-' 
lope^  as  in  the  Siwdliks.  In  miocene  strata,  although  ruminants  occur,  they 
are  in  general  but  little,  if  at  all,  superior  in  number  to  the  other 
artiodactyle  ungulates ,  but  in  the  Pikermi  beds  (including  only  the  forms 
found  at  Pikermi)  there  are  fifteen  ruminants  to  one' pig  and  one  Chalico- 
iherium  ;  in  the  Siwdlik  fauna  thirty-seven  ruminants  and  but  twelve  other 
artiodactyle  ungulates.  Another  point  of  similarity  in  the  two  faunas 
is  the  absence  of  small  mammals. 

The  following  is  a  list  of  the  genera  found  in  the  beds  of  Greece,  with 
the  number  of  species  belonging  to  each  genus : — 

Primatks— 
MesoplthecuSt  /• 

Carnivor.%— 
Simocyon,  i ;  Mustela,  /;  Promephttis^  /;  Ictithetitim,  j;  Hycena^  /;  Hytenarctus,  i; 
Hyanktis,  /;  MachceroduSt  /  ;  /'eZ/j,  4. 

Proboscidea— 

MastOihn,  2;  Dinotherium,  /. 

Ungulata  Perissodactyla — 
Rhinoceros,  j;  Aceratherium,  i;  Leptofon,  i;  Htppar!on,  /. 

Ungulata  Artiodactyla— 
Sus,ii  Chalicotherium  {Ancylofhtriunt),  i;  Drrmoihen'ttm  2  ;  Antilope,s;  Poltpotra" 
guSt    i;  PaliToryx,  a;    Tragoceros,  2',  Palteoreas,  /;  Antidorcas,  (Y)  i  \  GagelUit  i\ 
Ccmelcpardalis,  i;  Hellad  other  turn,  i. 

RODENTIA — 

Mus  {Acomys),  i;  Nysirix,  /. 

Of  birds,  a  Pkastanus^  a  Callus^  and  a  Grus  have  been  identified  ;  of 
reptiles,  bones  of  Testudo  air\A  Varanus. 

Of  the  above  twenty-nine  genera  of  mammals  eighteen,  including 
Sdladotheriuvft ^  are  found  in  the  Siwiliks  of  India,  besides  which  the  fauna 
bears  in  many  respects  the  same  similarity  to  that  of  Africa  at  the  present 
day  as  the  Siw^lik  mammals  bear  to  their  living  Indian  representatives. 
Now,  this  Pikermi  fauna  has  been  freqently  quoted  as  upper  miocene,  and  its 
connecticn  with  the  miocene  beds  in  other  parts  of  Europe  is  unmistakable, 

*  Gaudry :  Animaux  fcssiles  et  Geologic  de  '  Sec  Fcrsyth,  Major,  Proe.  ZooL  Soc,  1891, 
TAUique,  4°  Pari*,  1862.  |  p.  323. 
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no  less  than  fifteen  species  being  undistinguishable  from  those  found  in 
various  miocene  deposits.  Several  of  these  species  are  doubtfully  identified, 
but  amongst  the  number  are  such  characteristic  forms  as  Machasrodus  cuU 
tridens^  Mastodon  turicensts,  and  Hipparion  gracile.  But,  as  M.  Gaudry 
points  out  in  the  clearest  manner,  the  ossiferous  beds  of  Pikermi  contain 
at  their  base,  and  below  the  horizon  whence  the  bones  have  been  obtained 
a  layer  with  pliocene  marine  fossils,  and  all  the  beds  containing  the  bones, 
together  with  the  pliocene  marine  beds,  rest  unconformably  on  lacustrine 
miocene  rocks.  There  can  be,  therefore,  no  reasonable  doubt  that  the 
Pikermi  fossils,  like  the  middle  SiwAliks,  are  of  pliocene  age,  and  that  the 
quotation  of  them  as  miocene  is  an  error.^  At  the  same  time  the  absence 
of  some  characteristic  living  genera,  such  as  Eiephas  and  Bos,  gives  a 
somewhat  older  facies  to  the  Pikermi  than  to  the  SiwAlik  fauna. 


The  points  of  similarity  between  the  European  miocene  faunas  and 
the  animals  now  inhabiting  either  tropical  Asia  or  Africa  south  of  the 
Sahara  may  be  due  either  to  migrntion,  and  survival  in  a  more  favour- 
able climate,  or  to  the  fauna  having  been  formerly  more  uniform  over 
large  areas,  and  to  the  modified  descendants  continuing  to  live  in  one 
region,  whereas  they  have  died  out  and  been  replaced  by  distinct  types 
in  other  parts  of  their  old  province.*  On  the  latter  hypothesis  we  may 
suppose  that  the  fauna  of  central  Europe  and  Malayasia  was  more  or 
less  uniform  in  the  lower  miocene  period,  and  that  Greece  and  Africa 
formed  a  single  zoological  province  in  pliocene  days,  but  ihat  the  gibbon- 
like apes,  Tupaiadae  and  other  Malay  types,  died  out  in  central  Europe, 
and  the  giraffes,  antelopes,  etc.,  in  Greece,  whilst  the  descendants  of  their 
relatives  survived  in  the  Malay  countries  and  Africa  respectively.  The 
theory  of  migration  presents,  on  the  whole,  fewer  difficulties,  and  is  in  ac- 
cordance with  the  little  we  know  of  the  Indian  miocene  (Manchhar)  fauna, 
in  which  living  tropical  forms  appear  to  be  Idss  represented  than  in  the 
deposits  of  that  age  in  Europe.  It  is  not  unreasonable  to  suppose  that 
some  of  the  forms  named,  and  especially  the  rumiaants,  migrated  into 
southern  Asia  at  the  close  of  the  miocene  period. 


'  For  the  theory  adopted  by  M.  Gaudry  to 
account  for  the  survival  of  these  miocene 
animals  in  pliocene  times,  see  "Animauir 
fossiles  et  Geologie  de  I'Attique,'*  p.  343.  It 
appears  simpler  to  believe  that  the  miocene 
laun.i  of  Europe  migrated  to  the  southward, 
and  that  many  species  survived  in  Greece  after 
they  had  died  out  north  of  the  Alps.  Hence 
the  admixture  of  pliocene  and  miocene  types. 
A  further  contribution  to  the  question,  by 
M.  Gaudry,  was  published  in  1886,   Bull,  Soc, 


Ceol.  Franc,,  3rd  series,  XIV,  2S8. 
'It  is  assumed  in  the  present  and  in  other 
arguments  employed  in  this  work  that  similarity 
of  organisation  implies  relationship  by  descent, 
i.e.  that  animals  having  sjmilar  structure  are 
descended  more  or  less  remotely  from  the  same 
ancestors.  The  theories  of  evolution,  and 
of  origin  of  species  oy  descent  with  modiBca* 
tion,  are  now  so  widely  accepted  amongst 
naturalists  that  it  is  unnecessary  to  explain  or 
defend  them. 
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animals  far  raore  than  Uie  mitiiite  Rodentin^  Insectivora^  Chiropi€ra^  etc. 
Still  it  is  only  reasonable  to  suppose  that  the  ancestors  of  the  present  Micro- 
mammalia  lived  in  the  same  profusion  as  tiiey  do  now,  and  it  is  incre- 
dible that  the  living  rodents  and  insectivores  can  play  the  parts  on  the 
modern  stages,  and  fulfil  the  functions,  of  the  great  ungulates  and  carnivores 
of  past  times.  Comparing  like  with  like^  and  especially  passing  in  review 
the  Carnivora^  Proboscidean  and  Ungulata,  all  represented,  and  all, 
except  the  Proboscidea,  well  represented  in  the  living  fauna  of  India, 
indeed  better  than  in  most  other  parts  of  the  world  at  the  present  day,  it 
is  impossible  not  to  be  struck  with  the  comparative  poverty  in  variety  of 
the  existing  mammalian  tyi>es.  We  have  of  course  but  an  imperfect 
knowledge  even  of  the  larger  Siwiiik  animals^  and  remains  of  Carnivora 
are  rare,  so  much  so  that  probably  many  species  remain  undiscovered, 
but  even  at  present  the  known  Siwilik  carnivores  are  more  numerous 
than  the  living  forms  of  similar  size  in  the  same  area,  and  the  ungulates 
exceeded  their  living  representatives  in  number  in  the  proportion  of  more 
than  three  to  one,  there  being  fity-six  known  Siwilik  species  and  only 
eighteen  recent.  The  superior  v^-ealth  of  the  old^r  fauna  is  both  generic 
and  specific ;  not  only  are  the  types  more  varied,  but  there  is  a  greater 
variety  of  forms  in  many  of  the  genera,  and  no  less  than  eUven  extinct 
elephants  and  mastodons  are  represented  by  a  solitary  living  form.  Even 
such  modern  types  as  Bos  have  dwindled  in  numbers  from  six  to  two. 

This  great  impoverishment  of  the  recent  mammalian  fauna  is  not 
peculiar  to  India.  It  is  found  in  other  parts  of  the  Old  World  and  in 
America,  wherever  remains  of  animals  have  been  preserved  in  sufficient 
quantities  amongst  the  deposits  of  the  later  tertiary  epochs  for  a  good 
idea  of  the  fauna  to  be  presented.  In  the  words  of  Mr.  Wallace,  **We 
iive  in  a  zoologically  impoverished  world,  from  which  all  the  largest  and 
fiercest  and  strongest  forms  have  recently  disappeared ;"  and  he  makes 
the  happy  suggestion,^  that  this  enormous  reduction  in  the  numbers  of 
the  greater  mammals  is  due  to  the  glacial  epoch.  Thus,  we  have  an  addi- 
tion to  the  arguments  urged  in  the  first  chapter,*  in  favour  of  India 
having  been  affected  by  a  cold  period  in  the  geologically  recent  past. 

'  Geographical  Distribution  of  Animals,  I,  '  5«/ra,  p.  14. 

p.  150. 


CHAPTER  XV. 

LATKRlTE. 

General  characters  and  composition*— Distinction  of   high   level    iifld    low  levtfl  laterltd  — 
Distribution  and  mode  of  occurrence  — Theories  of  the  origin  Aes»dm4k 

All  who  have  paid  any  attention  to  the  geology  bi  India  must  be 
familiar  with  the  term  *  laterite/  and  no  one  cati  have  travelled  far  in  India 
without  meeting  with  the  substance  itself,  which  is  still  one  of  the  stum- 
bling blocks  of  Indian  geology.  Although  it  is  difficult  to  conceire 
that  a  rock,  so  widely  spread  in  India  and  Ceylon,  and  said  lo  be  extensively 
developed  in  Malacca  and  Sumatra^  while  some  occurs  in  Burma,  call  be 
peculiar  to  these  regions,^  it  is  uncertain  if  anything  precisely  similar  has 
hitherto  been  detected  elsewhere.  It  is  almost  invariably  a  surface  form- 
ation, and  according  to  so.iie  observers,  nothing  but^a  form  of  soilj  yet  it  be- 
comes an  important  formation  from  the  very  large  area  in  India,  which  it 
superficially  tovefs,  and  a  treatise  on  Indian  geology  Would  be  imperfect 
without  a  full  description  ol   the  rock. 

The  order  in  which  its  description  comes  is  governed  by  the  fact  thstt 

while   there   can  be   but   little   doubt  that  some   forms   of    laterite   are 

in  process  of  formation  at  the  present  day,  others  date  from  tertiary,  and 

perhaps  from  eocene,   times,  and    as  the  rock  is   usually  unfossiliferous  it 

appears  best  to  describe  all  the  varieties  together    before  proceeding  to 

"the  description  of  the   posttertiary  rocks. 

The  description  of  laterite,  given  in  many  geological  works,  is  far  from 
accurate,  although  the  rock  has  been  well  described  by  several  Indian 
geologists.*     In  its  normal  form   it  is  a   porous   argillaceous   rock    much 

Ne\vboId*s  account  of  tlie  laterite  of  Bfdar,  ^our, 
As.Soc.  BeH^.,  XIII.  989,  (1844);  Jnur.As.  SoC* 
Beng.f  XIV,  299,  (1845)  ^i^^  ?«'«''•  l^oy.  As, 
Sec.VlU,  227   (i8|6).       Tne  descriptions    of 


^  Voysey  states  t>*at  it  is  found  at  tlie  Caps 
cf  Good  Hope.  It  is  a  notewortiiy  fact  tltat 
no  laterite  has  been  detected  in  Abyssinia, 
where  the  rocks  throughout  a  large  area  Of 
country  are  precisely  similar  to  those  of  the 
Bo-iibay  Deccan.  In  map  No.  4  of  Berghaus' 
Vhysicnl  Alias,  laterite  is  rerresented  asxjover- 
ing  nearly  a  quarter  of  the  dry  ladd  of  the  earth. 
The  term  is,  however,  used  in  a  diffi  rent  sense 
to  that  here  applied. 

'  It  would  be  difficult  to  give  a  description 
of  any  rock    nr.orc  clear  and   accurate    than 


laterite  scattered  through  the  writings  of  various 
Indian  ^ologists  are  too  Yiiin>erous  to  quote. 
Ainongui  the  more  important  are  the  following- 
Buchanan  Journey  from  Madras  through  My- 
sore, Canara,  and  Malabar,  London,  1807,11, 
p.  4|0.  Stirling,  As.  Brs.,  XV,  177,  (1825); 
Chrisiie,  Edin  AV«  Phil,  7our.,%%  117,(1829); 
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impregnated  with  iron  peroxide  irregularly  distributed  throughout  the 
mass,  whose  composition  may  be  gathered  from  the  following  analysis  of  a 
very  richly  ferruginous  variety  from  Rangoon.*— 

SoLUBLfi  IN  Acids. 

Peroxide  of  iron 46*279 

Alumina 57^3 

Lime '742 

Magnesia  •        • '090 

Silica *i2o 

Insoluble  in  Acids. 

Silica  (dissolved  by  potash) 6728 

Silica  (by  fusion) .  30'728 

Lime,  iron,  and  alumina       ..•...•  2*728 

Combined  water  alkalies  and  lose 6802 


lOO'OOO 


The  iron  exists  either  entirely  in  the  state  of  hydrated  peroxide 
(limonite)  or  else  partly  as  hydrated  and  partly  as  anhydrous  peroxide. 
The  surface  of  laterite  after  exposure  is  usually  covered  with  a  brown  or 
blackish  brown  crust  of  limonite,  but   when  freshly  broken,  the  rock  is 


and  Mad.  Jour,  Lit..  Scu,  IV,  468,  (1836); 
Calder,  As.  lies.,  XVIII,  4,  (1833) ;  Cole,  Mad. 
Jour,  Lit.  Sci.t  I  V,  iCO,  (1836).;  VO)  sey,  Jour. 
As.  Soc.  Beng.^  XIX,  273;  (1850);  Kelaart, 
Edin.  New  Phil.  Jour.,  LIV,  28,  (1853); 
Carter,  Jour.  Bo.  Br.  Roy.  As,  Soc,  IV,  199, 
(1852) ;  V,  264.  (1857)  ;  Aytoun,  Edin.  New 
Phil.  Jour.,  2nd  Series,  IV,  67,  (1856)  ;  Buist., 
Trans,  Bo.  Ceog.  Soc,  XV,  p.  xxii,  (1859). 
The  subject  has  also  been  frequently  treated 
in  the  publications  of  the  Geological  Survey, 
especially  Memoirs  1, 69,  (1856),  265-280,(1859); 
II,  78,  (i860)  ;  IV,  260.  (1864)  ;  X,  27,  (1873) ; 
XII,  200,  224,  (i£76) ;  XIII,  222,  (1877)  ;  XVIII, 


122,  (1881) ;  XXIV,  217  and  239,  (1890);  where 
an  account  of  all  previous  notices  is  given. 
See  also  Records,  XV,  93,  (1882)  ;  XXII,  220, 

(1889). 

^Jour.   As.   Soe.  Beng.,   XXII,    198,    (1853). 
The  result  given   is   the  mean  of   three  an- 
aly^es  made  in  (he  laboratory  uf  the  School  of 
Mines,  London*    The  following  are  assays  of 
the  quantity  of  iron  contained  in  the  portion  of 
laterite  soluble  in  acids.     The  analysis  of  first 
five  and  No.  8  were  made  by  Mr.   Mallet  for 
the  first  edition  of  the  present  work ;  the  other 
three  are  from   the  paper   on   the  laterite   of 
Orissa  (Memoirs,  I,  p.  288)  : — 


t.     High-level  laterite  overlying     Deccan    trap,     Amarkantik 

2.  Ditto  from  Mdin  P4t,  Sarguji 

3.  Ditto  from      Baplaimali    plateau,    Kildhandi, 

south  of  Sambalpur  .         • 

4.  Ditto  from  top  of  Moira  hill   in  the  Kharakpur 

range,  south  of  Mor.ghyr 

5.  Ditto  from  MahuAgarhf  hill,  R^jmab^  hills     . 

6.  Laterite  (high-level)  from  Kithidw5r,  Western  India    . 

7.  Low-level  laterite^  from  Daltola,  Cuttack,  Orissa         • 

8.  Ditto  from  near  Cuttack         •         .         .         . 

9.  Ditto  from  Tiinjore 


entage  of 

Percentage  of 

aillic  iron. 

irou  peroxide. 

356 

50-8 

1 6-6 

237 

IS- 

21*4 

283 

404 

158 

22*5 

22'8 

325 

215 

34*9 

25-6 

365 

234 

334 
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whether  this  be  igneous,  metamorphic,  or  sedimentary.  In  the  case  of  basalt 
or  gneiss  underlying  laterite  tlie  upper  part  is  decomposed,  forming  a 
clay,  which  becomes  a  kind  of  lithomarge  passing  by  insensible  grada- 
tions into  laterite  itself,  through  its  impregnation  with  iron  by  the  water 
trickling  througiz  the  laterite  above.  In  fresh  sections,  where  a  detrital  form 
of  laterite  is  the  overlying  rock,  the  limit  of  the  two  can  usually  be  traced 
without  difficulty,  but  surfaces  which  have  been  exposed  for  a  length  of 
time'are  generally  covered  with  more  or  less  of  the  limonite  glaze  and  the 
lithomarge  can  no  longer  be  distinguished  from  laterite.^  This  lithomarge 
is  always  more  ferruginous  above  than  below  ;  it  varies  in  colour  from  red 
through  yellow  to  white,  being  usually  mottled,  not  frequently  coloured 
purple  or  lilac  in  patches,  and  a  few  pipes  often  occur,  apparently  produced 
by  the  percolation  of  water. 

Another  form  of  lithomarge,  found  beneath  the  laterite  in  many  places, 
and  especially  to  the  northward,  consists  of  hardened  clay,  sometimes 
sandy  and  generally  highly  ferruginous,  which  shows  no  tendency  to  pass 
into  the  underlying  rock,  although  it  usually  exhibits  unmistakable  transition 
into  the  laterite  above.  In  these  cases,  the  laterite  and  lithomarge  together 
form  a  group  of  beds  superposed,  as  a  rule  unconformably,  upon 
older  rocks  of  various  kinds.  In  some  instances,  as  in  Bundelkhand,  this 
infra-lateritic  formation  contains  pebbles,'  and  there  is  every  reason  for 
believing  that  it  is  a  rock  of  sedimentary  origin.  In  some  cases  the 
present  form  of  lithomarge  contains  haematite  or  limonite  in  quantities 
sufficient  to  enable  the  mineral  to  be  collected  for  iron  ore,  as  in  Bundel- 
khand, near  Jabalpur,  and  on  the  eastern  flanks  of  the  Rajmahal  hills. ' 

One  peculiarity  possessed  to  an  eminent  degree  by  all  forms  of  laterite 
is  the  property  of  broken  or  detrital  fragments  being  recemented  into  a  mass, 
closely  resembling  the  original  rock.  Laterite  itself  has  great  powers  of 
resisting  atmospheric  disintegration,  being  produced  by  long  action  of  the 
atmosphere  upon  various  ferruginous  clays,  but  the  underlying  formation 
decomposes,  is  slowly  washed  away,  and  the  originally  horizontal  cap  of 
laterite,  falling  down,  becomes  reconsolidated  on  the  irregular  surface, 
which  it  still  covers.  Another  form  of  reconsolidated  laterite  is  composed 
of  broken  fragments,  washed  down  by  rain  and  streams  to  a  lower  level, 
at  which  they  become  recemented. 

The  surface  of  the  country  composed  of  the  more  solid  forms  of  la- 
terite is  usually  very  barren,  the  trees  and  shrubs  growing  upon  it  being 
thinly  scattered  and  of  small  size.  This  infertility  is  due,  in  great  part, 
to  the  rock  being  so  porous  that  all  water  sinks  into  it,  and  sufficient 
moisture  is  not  retained  to  support  vegetation.  The  result  is  that  laterite 
plateaux  are  usually  bare  of  soil,  and  frequently  almost  bare  of  vegetation. 

>  Memoirs,  I,  283,  (1859).  |     »  Memoirs,  II,  81,  (i860)  ;  XIII.  241,  (1877). 

'  Memoirs,  II,  84.  (i860). 
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those  terms  there  is  implied  any  theory  involving  the  supposition  of  an 
essential  difference  in  age  or  mode  of  origin,  yet  the  terms  are  convenient 
when  they  merely  refer  to  the  position  occupied  by  the  rock,  whether  on 
the  highlands  of  the  interior,  or  on  the  lowlands  near  the  coast. 

The  fact  is,  that  it  is  frequently  impossible  to  determine  whether  the 
laterite  is  detrital  or  not,  a  difficulty  well  shown  by  the  beds  which  occur 
interstratificd  with  lower  tertiaries  near  Surat.  These  beds  are  sedi- 
mentary, for  marine  fossils  were  found  in  one  of  them,  yet  they  are  not  in 
the  least  sandy,  and  they  resemble  the  laterite  or  iron  clay  of  the  Bombay 
Deccan  so  closely  that,  when  these  laterite  beds  were  first  examined  by 
the  Geological  Survey,  they  were  supposed  to  be  volcanic  rocks  altered  by 
surface  action.  The  mistake,  it  should  be  added,  was  partly  due  to  an 
apparent  intercalation  of  basalt  and  nummulitic  limestone,  subsequently 
found  to  be  caused  by  faulting. 

The  high  level  laterite  is  chiefly  developed  on  the  Deccan  plateau, 
especially  on  the  highest  portions  of  the  Sahyddri  range,  and  of  the 
spurs  running  from  the  Gh£ts.  It  forms  a  cap  on  the  uppermost  traps 
exposed  on  the  plateau,  being  also  found  at  lower  elevations,  but  the 
lower  beds  are,  as  a  rule,  of  small  extent  or  thickness.  The  summit  bed, 
as  it  is  termed  by  Mr.  Foote,^  is  not  more  than  50  to  90  feet  in  thickness 
in  the  southern  Maratha  country.  It  is  about  the  same  at  Mahabaleshwar, 
but  from  100  to  200  feet  at  Bfdar  north-west  of  Haidarabad.  It  occurs 
at  varying  heights  above  the  sea,  4,700  feet  at  Mahabaleshwar  being  probably 
the  highest  point,  whilst  at  several  places  in  the  southern  Mardthi  country 
it  is  found  capping  ridges  and  isolated  hills  from  about  2,000  to  nearly  3,500 
feet  above  the  sea,  always  overlying  the  highest  lava  flow  in  the  country. 
At  Mdtheran,  near  Bombay,  and  on  some  neighbouring  plateaux,  there  are 
caps  of  laterite  at  about  2,000  feet  above  the  sea,  but  these  do  not 
belong  to  the  summit  bed,  as  the  traps  on  the  tops  of  these  hills  are 
not  high  in  the  series.  Some  of  the  laterite  caps  are  very  extensive 
The  bed  at  Bidar  is  said  to  be  twenty-eight  miles  long  from  west-north- 
west to  east  south-east  and  twenty-two  miles  broad,  and  the  area  of  late- 
rite at  Kaliani,  forty  miles  west  of  Bidar,  is  of  even  greater  extent.* 

The  greater  portion  of  the  trap  area  in  the  Deccan  has  not  been  closely 
examined,  but  so  far  as  is  known,  laterite  is  of  rare  occurrence,  except 
near  the  Western  Ghits  and  in  the  southern  MarcLthi  country.  A  few 
very  small  caps  are  found  south-west  of  Nigpur^  in  south-east  Berar,  and 
probably  similar  small  outliers  occur  here  and  there  along  the  south-eastern 
margin  of  the  volcanic  region.  Farther  to  the  north-east,  laterite  occurs 
at  Amarkantak  and  on  the  eastern  outliers  of  the  Deccan  traps,  at  Miin 
Pit  and  Jamfra  Pit  in  Sirguja,  being  from  100  to  200  feet  thick  on  the 

>  Memoirs,  XII,  203,  ( -876).  «  Newbold,    Jour.   Roy.  As,  Soc,   VlII,  22^ 

(1846). 
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former.  North  of  the  Narbad)t  also,  in  Rewd,  Bundelkhand,  and  in  other 
states  as  far  west  as  GujercLt,  laterite  is  found,  sometimes  as  much  as 
200  feet  in  thickness,  capping  outliers  of  the  trap  series. 

In  all  the  localities  hitherto  mentioned  laterite  occurs  resting  upon  the 
Deccan  traps,  but  the  high  level  laterite  overlaps  the  traps,  rests  upon  older 
rocks,  and  is  found  in  places  some  hundreds  of  miles  beyond  any  existing 
outlier  of  the  volcanic  series.  Instances  of  this  kind  have  been  noticed 
by  various  observers  in  the  southern  Marithi  country,'  the  same  laterite 
bed  being  apparently  sometimes  continued  from  the  trap  surface  on 
to  the  transition  or  metamorphic  rocks,  whilst  numerous  outliers  on 
the  older  formations  are  known  to  exist.  Caps  are  said  also  to  occur 
at  high  elevations  on  the  Dambal  or  Kappatgod  hills,  east  of  Dh^r- 
wir,  and  on  hills  in  the  neighbourhood  of  Bellary  and  Cuddapah.*  More  to 
the  north-east;  in  the  high  grounds  of  Patni,  Kdl^handi,  Bastir,  Jaipur, 
etc.,  between  the  Mah^nadi  and  God^vari,  caps  of  laterite,  50  to  100  feet 
thick,  occur  on  many  of  the  higher  hills'  at  elevations  of  between  2,000 
and  4,000  feet  above  the  sea.  The  most  eastern  exposure  known  to  occur 
in  this  neighbourhood  is  on  the  Kopilas  hill,  about  2,050  feet  above  the 
sea,  and  12  miles  nearly  due  north  of  Cuttack.*  To  the  northward  a 
great  expanse  of  laterite  is  found  on  the  Chutii  Nigpur  plateau  at  eleva- 
tions varying  from  2,000  to  3,000  feet  above  the  sea  in  several  places,  and 
especially  to  the  north-west  of  Jashpur  ;*  it  caps  ridges  and  peaks  in  the 
usual  manner,  but  differs  from  the  us^ial  high  level  laterite  in  covering  hills 
and  valleys  alike,  and  is  probably  in  part  a  reconsolidated  formation. 
Leaving,  for  the  moment,  the  Rijmahil  hills,  which  require  separate 
notice,  a  thick  mass  of  laterite  occurs  at  an  elevation  of  1,500  feet  on 
Moira  hiil,  the  highest  peak  of  the  Kharakpur  range.  Turning  thence 
westward,  caps  of  the  same  rock  are  found,  outside  of  the  trap  area,  at 
several  places  in  Bundelkhand,*  ana  at  two  near  Gwalior,^  all  on  the  highest 
ground  of  the  country. 

Besides  the  above  mentioned  localities  laterite  has  been  reported  to 
occur  on  some  of  the  hills  of  Southern  India,  but  ferruginous  clays  have 
possibly  been  described  under  the  name  of  laterite,  which  have  little  of 
its  true  character.  Such  is  the  case  with  the  Nilgiris,  one  of  the  localities 
mentioned  by  several  geologists.  No  well  authenticated  occurrence  of 
laterite  is  known  at  an  elevation  exceeding  5,000  feet  above  the  sea. 

There  is,  however,  a  very  important   bed  of  this  rock  on   the  Rij- 


>  Newbold,  Jour,  As.  Soe.  Beng.,  XlII,  996, 

(i^);   J^^'  ^^'  ^^'  ^^'1  ^lll>  2^8,  (1846); 
Foote,  Memoirtt  XII,  205,  217,  (i8;6). 
>NewbolcU  y^ur.  Roy.  As,  Soc^  VIII,  228, 

(1846). 

*  Ball,  Records,  X,  169,  (1877). 


*  The  information  of  the  occurrence  of  laterite 
on  Kopilas  hill  was  obtained  by  Mr.  Ball  from 
Dr.  Steirart,  of  Cuttack. 

•  Ball,  Records^  X,  170,  footnote,  (1877). 

Ml.  B.  Medlicott,  Msmoirs,  II,  82,  (i860). 

7  Hacket,  Rscords,  III,  41,  (1870). 
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mahil  hills  in  Bengal,*  These  hills,  like  the  highlands  of  the  Bombay 
Deccan,  are  composed  of  bedded  basaltic  traps,  and,  as  in  the  Decc&n,  the 
very  highest  bed  consists  of  laterite,  Mahuigarhf,  the  highest  plateau  in 
the  range,  1,655  feet  above  the  sea,  being  capped  by  this  formation.  The 
laterite  in  the  Rdjmah^I  hills  is,  in  places,  as  much  as  200  feet  thick  and 
it  slopes  gradually  from  the  western  scarp  of  the  hills,  where  it  attains  its 
highest  elevation,  to  the  Gangetic  plain  on  the  east.  Here,  too,  there  is 
sometimes,  as  in  the  Deccan,  an  apparent  passage  from  basalt  into  laterite, 
but  the  latter  rock  to  the  eastward  is  distinctly  identical  with  the  low 
level  laterite  of  Bengal,  and  is  clearly  of  detrital  origin,  whilst,  even  at 
considerable  elevations  in  the  hills,  fragments,  derived  from  the  shales 
interstratified  with  the  basaltic  flows,  are  found  imbedded  in  the  laterite, 
so  that,  no  distinct  line  having  ever  been  drawn  between  the  beds  at  differ- 
ent elevations,  we  appear  in  this  case  to  have  a  passage  from  the  high 
level  into  the  low  level  laterite,  and  reasons  for  supposing  that  both  were 
Originally  of  sedimentary  origin.  The  case,  it  should  be  remembered,  is 
not  cfearly  proved,  the  laterite  of  the  Rijmah^l  country  not  having  been 
specially  examined  with  a  view  to  test  the  connection  between  the  beds  to 
the  eastward  and  those  to  the  westward,  but  the  two  appear  to  be  parts 
of  the  same  formation,  and  it  is  certain  that  both  are  in  this  instance 
detrital.* 

The  evidence  hitherto  collected  is  insufficient  to  justify  the  conclusion 
that  the  high  level  laterite  once  formed  a  continuous  bed,  occupying  the 
whole  surface  of  the  Indian  peninsula  from  the  Ganges  valley  to  the  neigh- 
bourhood of  Madras,  but  the  manner  in  which  caps  now  occur  upon  isolated 
peaks  and  ridges  clearly  shows  that  they  were  once  much  more  extensive, 
and  that  only  the  remnr^nts  have  been  left  undenuded.  It  is  difficult,  in  pre- 
sence of  the  great  amount  of  denudation  which  has  taken  place  since  the 
laterite  caps  were  part  of  a  more  extensive  formation  to  escape  the  conviction 
that  the  high  level  laterite  must  be  of  considerable  geological  antiquity. 

Before  proceeding  to  discuss  the  very  difficult  subject  of  the  origin  of 
laterite,  it  will  be  best  to  point  out  the   general  distribution   of  the   low 


'  The  laterite  has  been  bat  briefly  noticed ; 
see  T.  Oldham,  four.  As,  Soe.  Beng.,  XXI U, 
273,  (1854)  ;  Ball,  Memoirt,  XIII,  222,  (1877;. 

'  There  is  a  pussibilitjr  that  the  connection 
between  the  high  level  laterite  and  the  low 
level  laterite  of  the  eastern  coast  is  not  con- 
fined to  the  solitary  instance  of  the  Riljma- 
hil  hills,  although  no  other  equally  well  mark* 
ed  case  of  passage  can  be  traced,  and  in 
some  cases,  as  at  Kopiias  near  Cut  tack,  the 
difference  in  level  is  verygrent;  but  th^  low 
ietrel  laterite  of  the  eastern  coast    rises  gra- 


dually from  the  neighbourhood  of  the  sea,  at 
a  slope  which,  if  continued  inland,  would  con- 
nect the  bed  with  the  high  level  formation. 
The  latter  is  of   greater  antiquity  than  the  low  f 

level  bed,  but  the  process  uf  formation  may 
have  been  continuous,  the  rock  now  found  at 
a  higher  level  being  first  formed,  that  at  a  f 
lower  elevation  being  gradually  consolidated 
as  the  lower  portion  of  the  country  was  raised 
above  the  sea.  It  should  be  remembered  that 
the  higher  part  of  the  country  was,  in  all  pro-  i 
babilityi  never  depressed  below  the  sea  level* 
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level  laterite,  especially  in  the  neighbourhood  of  the  coast.  On  the  west 
coast  of  the  Peninsula  laterite  has  not  been  observed  in  the  Konkao, 
or  lowlands,  north  of  Bombay,^  it  appears,  a  little  farther  to  the  south- 
ward, between  Bombay  and  Ratnigiri,  and  extends  thence  throughout 
large  tracts  of  the  low  country,  intervening  between  the  Sahyddri  range 
and  the  sea,  as  far  as  Cape  Con^orin.  It  does  not,  of  course,  cover  the 
whole  surface.  In  many  places  it  has  been  cut  away  by  streams,  so  that 
tlie  lower  formations  are  exposed,  and  in  parts  of  the  country  it  appears 
to  be  wanting.  The  greater  part  of  the  region,  however,  has  never  been 
geologically  mapped,  and  very  few  details  of  the  distribution  of  laterite  are 
available. 

In  the  country  between  Katnigiri  and  Goa  the  rock  appears  to 
form  a  plateau,  having  a  general  elevation  of  200  to  300  feet  above  the 
sea.  On  the  coast  it  terminates  in  cliffs,  the  trap  being  exposed 
beneath  it.  The  plateau  extends  for  from  15  to  20  miles  inland,  and  is 
cut  through  by  numerous  rivers  and  streams,  in  all  of  which  the  trap  is 
exposed,  the  lignite  and  clays,  which  were  mentioned  in  the  last  chapter, 
being  found  between  the  laterite  and  the  traps  at  Ratnigiri.  Farther  in- 
land the  laterite  is  found  at  a  higher  elevation  than  near  the  coast,  so  that 
the  rock  appears  to  have  a  low  slope  towards  the  sea.  The  laterite  is 
distinctly  of  detrital  origin,  and  even  conglomeratic  in  places,  the  thick- 
ness is  considerable,  but  no  exact  measurements  have  been  recorded,  except 
at  RatncLgiri,  where  it  amounts  to  35  feet,  probably  less  than  the  average. 
It  is  evident  that  the  plateau  formerly  extended  much  farther  to  the  east- 
ward, and  it  probably  covered  the  whole  of  the  country  as  far  as  the  base 
of  the  SahycLdri  range,  for  caps  of  laterite  are  found  in  places  on  the  trap 
hills,  and  masses,  reconsolidated  from  the  detritus  of  the  principal  beds^ 
are  found  at  lower  levels. 

South  of  MalwcLn  the  underlying  rock  is  no  longer  trap  but  gneiss,  or 
some  other  metamorphic  formation.  The  laterite,  which  is  extensively 
developed,  appears  to  be  similar  to  that  of  the  Bombay  Konkan.  In 
Travancore   it  overlies  the  fossiliferous  tertiary  beds. 

On  the  east  coast  of  India  laterite  occurs  almost  everywhere,  rising 
from  beneath  the  alluvium  which  fringes  the  coast,  and  sloping  gradually 
upwards  towards  the  interior,  but  this  laterite  is,  as  a  rule,  a  much  less 
massive  formation  than  the  rock  of  the  western  coast.  It  is  seldom  more 
than  20  feet  in  thickness,  and  is  often  represented  by  a  mere  sandy  or 
gravelly  deposit,  not  more  than  four  or  five  feet  thick  Where  it  is  thicker 
the  lower  portion  usually  consists  of  lithomarge,  produced  by  the  alteration 
of  the   underlying   rock.     The  laterite   is   frequently  conglomeratic,   and 


This  idea  of  the  whole  laterite  being  one 
continuous  formation  appears  to  have  occurred 
to  Newbold.— JoMr.  Roy.  As,  Soc,  VlII,  240, 
(1846). 


*  Except  near  Surat,  where  the  outcrops  are 
of  nummulitic  age.  The  rock  differs  from 
all  superficial  laterite,  in  being  distinctly  in- 
tercalated between  other  beds. 


378  GEOLOGY   OF   INDIA  — LATEUITE.  [Chap.  XV. 

includes  large  rounded,  or  subangular,  fragments  of  gneiss  and  other  rocks, 
good  instances  being  found  at  Trichinopoli,  at  many  places  near  Madras, 
amongst  which  are  the  Red  Hills,  seven  miles  to  the  north-west  of  the  city, 
and  around  the  detached  hills  north-v/est  of  Cutlack,  in  Orissa.  In  the 
Madras  area  quartzite  implements  of  human  construction  have  been  found 
in  the  laterite  in  considerable  numbers.^ 

The  fringe  of  laterite  is  of  very  unequal  width  In  places  it  forms  a 
broad,  low  slope,  stretching  for  many  miles  from  the  edge  of  the  alluvium  ; 
in  others  it  only  remains  as  caps  upon  the  older  rocks.  In  one  form 
or  another  it  appears  to  be  traced,  at  short  intervals,  from  Cape  Comorin 
to  Orissa,  and  thence  northward  through  Midnapur,  Bardw^n,  and 
Bfrbhiim,  to  the  flaaks  of  the  Rcijmahdl  hills,  where  it  is  well  developed  and, 
as  already  noticed,  it  appears  to  pass  into  the  high  level  laterite. 

The  low  level  laterite  is  not  confined  to  the  neighbourhood  of  the  coast. 
It  is  frequently  found  in  patches  over  many  parts  of  the  country,  but  these 
patches  are  rarely  of  large  size  and  they  often  appear  to  be  due  to  local 
Conditions,  such  as  abundance  of  iron  in  the  rocks,  or  reconsolidation  of 
fragments  derived  from  a  bed  of  hiiih  level  laterite.  Many  such  lateritic 
deposits  are  rather  of  the  nature  of  ferruginous  gravel  than  of  true  lateritic. 
The  small  pisolitic  nodules,  so  characteristic  of  some  forms  of  laterite,  are 
found  abundantly  in  the  older  alluvium  of  the  Ganges  valley,  and  in  many 
other  superficial  deposits  in  the  plains  of  India,  and  whenever  they  are  suf- 
ficiently  abundant,  appear  to  become,  cemented,  with  the  accompanying 
sand  and  clay,  into  a  rock  closely  resembling  laterite  in  many  of  its  pecu- 
liarities. 

In  Burma,  laterite  of  the  detrital  low  level  type  is  found  in  places 
on  the  edge  of  the  alluvial  tracts  of  the  Irawadi  and  Sittaung  rivers  in 
Pegu  and  Martaban,  forming  as  usual  a  cap  to  other  rocks,  and  having  a 
very  low  dip  towards  the  river  from  the  sides  of  the  valleys.  The  laterite 
appears  to  form  the  basement  bed  of  the  post-tertiary  gravels  and  sands, 
and  laterite  gravels,  apparently  derived  from  the  denudation  of  the  mas- 
sive laterite  are  largely  dispersed  through  the  older  alluvial  deposits. 

West  of  the  Irawadi  only  a  few  patches  of  laterite  occur  in  the  Myau- 
aung  district,  but  the  rock  is  more  common  along  the  western  foot  of  the 
Pegu  Yoma.  To  the  east  of  that  range  laterite  is  generally  wanting,  but 
there  is  a  well  marked  belt  of  this  formation  along  the  base  of  the  meta- 
morphic  hills  east  of  the  Sittaung  river,  forming  a  plateau  which  rises  50 
or  60  feet  above  the  alluvium  of  the  Sittaung  valley.  Some  laterite  is 
also  found  in  Tenasserim,  whence  it  extends  into  the  Malay  peninsula. 

Having  thus  stated,  as  briefly  as  is  consistent  with  the  object  of  afford- 

»  R.  B.    Foote,  iXfcmoirSy    X,  27-58,  (1873). 
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ing  a  tolerably  complete  account  of  the  rock,  the  distribution  and  mode  of 
occurrence  of  the  different  varieties  of  laterite,  the  question  of  the  manner 
in  which  this  rock  has  been  formed,  must  next  be  considered.  The 
subject  has  already  been  noticed  as  difficult,  the  difficulty  arising  from 
the  fact  that  the  rock  has  evidently  undergone  a  considerable  amount  of 
change,  both  chemical  and  structural.  Tlie  difference  between  laterite, 
when  first  cut  from  the  quarry  and  the  same  rock  after  exposure,  is 
well  marked.  The  rock  becomes  harder,  and  the  hardening  appears 
not  merely  due  to  the  desiccation  of  the  argillaceous  constituents,  but 
also  to  a  change  taking  place  in  the  distribution  of  the  peroxide  of 
iron,  the  change  being  shown  by  the  colour  becoming  darker,  and  by  the 
surface  being  covered  with  a  glaze  of  limonite.  Whether  the  anhydrous 
iron  peroxide,  which  occurs  in  some  forms  of  high  level  laterite,  be- 
comes converted  by  exposure  into  hydrated  peroxide,  has  not  been 
ascertained,  but  it  is  quite  clear  that  the  process  of  segregation  of  the 
iron  has  tended  greatly  to  obscure  any  structure  which  may  have  exist- 
ed originally  in  the  rock,  and  that  this  segregative  action  is  constantly 
in  progress.  It  has  already  been  stated  that  iron  has  been  dissolved  out 
of  the  laterite  and  redeposited  in  the  underlying  lithomarge,  where  the 
latter  is  merely  an  altered  form  of  the  rock  beneath,  and  it  is  a  common 
circumstance  to  find  pisolitic  nodules  of  hydrated  iron  peroxide,  evidently 
due  to  segregation,  in  some  forms  of  laterite.  These  facts,  and  the  pro- 
cess by  which  the  surfaces  of  the  rock,  and  of  the  tubes  by  which  it  is 
traversed,  become  coated  with  a  glaze  of  limonite,  render  it  evident  that  a 
transfer  of  iron  oxide  from  one  part  of  the  rock  to  another  is  continually 
going  on. 

One  view,  which  has  been  held  by  several  good  observers  and  has 
been  strongly  supported  by  Mr.  Footers  examination  of  the  laterite  or 
iron  clay  in  the  southern  Marithd  country,  is  that  the  high  level  laterite 
is  simply  the  result  of  the  alteration  in  siiu  of  various  forms  of  rock,  and 
especially  of  basalt;  by  the  action  of  atmospheric  changes.  Many  of  the 
dolerites  of  the  Deccan  contain  iron  in  the  form  of  magnetite,  and  large 
quantities  of  magnetic  iron  sand  are  found  in  the  beds  of  streams  which 
flow  over  the  traps,  whilst  bands,  both  of  magnetite  and  haematite,  are  lo- 
cally common  in  the  metamorphic  rocks.  The  gradual  change  from  dole- 
ritic  trap  into  laterite  has  been  noticed  by  several  observers,^  and  so  far  as 
the  Deccan  alone  is  concerned,  the  evidence  in  favour  of  laterite  being 
merely  the  result  of  atmospheric  change  acting  upon  very  ferruginous  vol- 
canic rocks,  appears  so  strong  that,  if  there  were  no  conflicting  phenome- 
na, it  might  be  accepted  as  a  satisfactory  explanation.  At  the  same  time 
there  are  some  difficulties,    to  which  attention  was  first  called  by  Captain 

*  Voysey,  Jour.  As.  Soc.  Beng.,  XIX,  374,  (1850);  Foole,  Memoirs,  XII,  ao2,  (1876). 
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Newbold/  and  although  Mr.  Foote*  has  shown  that  they  are  not  insuper- 
able, they  must  not  be  overlooked,  because  the  apparently  sedimentary 
origin  of  the  rock,  in  Bundelkhand  and  elsewhere,  tends  to  invalidate 
the  conclusion  that  the  high  level  laterite  is  merely  the  result  of  surface 
change. 

The  main  argument  in  favour  of  supposing  the  high  level  laterite  of 
the  Deccan  to  be  merely  altered  basalt,  is  that  the  two  rocks  are 
seen  to  pass  into  each  other.  This  fact,  which  is  unquestionably 
established,  may  be  considered  proof  that  laterite  may  result  from 
the  alteration  of  basalt  or  a  similar  rock,  but  it  is,  of  course,  insufficient 
evidence  to  show  that  such  is  the  origin  in  all  cases.  It  is  always 
possible  that  the  upper  portion  of  the  laterite  is,  in  each  case,  of  ex- 
traneous origin,  and  that  the  surface  of  the  basalt  beneath  has  been 
affected  by  the  infiltration  of  iron,  in  the  manner  already  described  when 
explaining  the  origin  of  lithomarge.  Numerous  instances  are  found,  on 
the  other  hand,  in  which  the  laterite  rests  upon  the  suiface  of  basalt, 
which  is  either  hard  and  unaltered,  or  soft  and  decomposed,  without  any 
appearance  of  a  passage  from  one  rock  to  the  other.  But  this,  again,  is 
no  proof  that  the  laterite  above  the  unaltered  trap  is  not  itself  the  result 
of  alteration  of  a  diflferent  lava  flow,  the  rock  beneath  not  being  sus- 
ceptible of  the  same  change.  It  is  clear  that  the  evidence  afforded  by 
the  circumstance  that  basaltic  trap  sometimes  passes  into  laterite,  and 
sometimes  does  not,  is  insufficient  to  decide  the  question  as  to  whether 
the  latter  is  derived  from  the  former  by  a  process  of  chemical  alteration. 

It  has  been  stated  that  magnetite  occurs  in  many  of  the  Deccan 
basalts,  but  until  far  more  analyses  have  been  made,  it  is  impossible  to 
say  whether  any  of  these  rocks  contain  as  Ic^rge  a  proportion  of  iron  as 
the  laterite.  It  is  probable  that  some  may,  but  it  is  certain  that  so  large 
a  proportion  of  iron  as  15  or  20  per  cent.^  in  any  basalt  is  exceptional, 
yet  this  is  not  above  the  average  amount  in  the  Deccan  laterite.  At  the 
same  time  the  larger  percentage  may  perhaps  be  explained  by  a  process 
of  concentration,  some  of  the  other  constituents  of  the  rock  having  been 
removed,  in  the  manner  explained  further  on,  but  not  the  iron. 

One  difficulty,  to  which  especial  attention  was  drawn  by  Captain  New- 
bold,  is  the  complete  absence  in  the  laterite  of  those  nodules,  large  or 
small,  of  various  forms  of  silica,  such  as  agate,  jasper,  and  crystalline, 
quartz,  so  frequently  found  in  the  different  forms  of  trap.  It  is  difficult 
to  understand,  if  laterite  simply  results  frcm  the  alteration  in  situ  of  the 
Deccan  basalts,  why  no  amygdaloidal  structure,  especially  where  the 
amygdules  contain  so  indestructible  a  mineral  as  agate,  should  be  detected 

^  Jour.As.Soc  Beng.,  XIII,  995,  (1844);  Jour.         •  That   is  of  metallic  iron  ;  15  per  cent,  of 


Roy.  As.  Soc,  VIII,  238,  (1846). 
'  Memoirs,  XII,  203,  (1876). 


iron  corresponds  to  19-3  per  cent,  of  protoxi  Ic, 
and  21*4  per  cent,  of  sesquioxide. 
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in  the  altered  rock.  Mr.  Foote  suggests*  that,  in  the  case  of  the  summit 
bed,  which  appears  to  rest  upon  the  highest  traps,  the  absence  of 
amygdaloidal  structure  may  be  due,  in  the  first  place  to  the  lava  flow, 
having  been  of  a  peculiarly  dense  nature,'  and  secondly  to  the  fact  that, 
being  the  uppermost  flow,  the  water  which  percolated  it  did  not  contain 
silica  in  sufficient  quantity  to  form  silicious  nodules  in  the  vesicular 
hollows.  He  also  points  out  that  the  underlying  bed  into  which  the 
summit  bed  laterite  is  seen  to  graduate  in  several  sections,  is  a  very 
argillaceous  rock  without  vesicular  cavities  or  enclosed  minerals. 

One  conclusion  is  clear.  If  the  high  level  laterite  of  the  Deccan  has 
been  produced  by  the  alteration  in  situ  of  volcanic  rocks,  only  particular 
varieties  of  such  rocks  are  capable  of  undergoing  the  alteration.  If  all 
were  similarly  liable  to  be  converted  into  laterite  at  the  surface,  the 
occurrence  of  that  rock  would  be  more  general,  and  less  restricted  to 
particular  elevations.  The  great  difficulty  in  the  way  of  explaining  the 
origin  of  the  high  level  laterite,  so  widely  spread  in  Mdlwi  and  the  Deccan 
by  a  simple  process  of  atmospheric  alteration  is,  in  brief,  that  the  hypo- 
thesis demands  the  occurrence,  over  an  enormous  area  of  country,  of  a 
volcanic  rock^  whether  a  tuff  or  a  true  lava  flow  is  immaterial,  of  peculiar 
and  unusual  composition,  containing  a  much  larger  proportion  of  iron  than 
usual,  and  wanting  the  amygdaloidal  structure,  so  common  in  the  Deccan 
traps.  This  difficulty,  it  must  be  remembered,  is,  so  far,  only  a  reason  for 
caution  in  coming  to  a  conclusion,  and  does  not  show  that  the  hypothesis  of 
alteration  in  situ  is  impossible. 

The  great  extension  of  the  laterite  beyond  the  trap  area  might 
be  explained  by  supposing  that  the  highest  volcanic  stratum  covered  a 
wider  surface  than  any  of  the  inferior  lava  flows,  but  this  theory  is  unten- 
able in  some  cases,  for  instance  in  that  of  the  Gauli  plateau,  south  of 
Belgium,'  where  a  bed  of  laterite  at  a  lower  level  than  the  summit  bed 
was  traced  by  Mr  Foote  on  both  sides  of  the  Mahddiyi  ravine,  passing 
into  the  underlying  trap  to  the  northward  and  into  metamorphic  rocks  to 
the  south,  as  is  represented  in  the  sketch  section  fig.  20,  given  on  the  fol- 
lowing page.  In  this  case,  the  southern  portion  must  have  been  formed  from 
gneissic  rocks  if  the  laterite  be  the  result  of  alteration  alone,  and  it 
is  difficult  to  understand  how  two  rocks,  so  totally  dissimilar  in  constitution 
as  basalt  and  gneiss,  can  have  produced  precisely  the  same  rock,  by  a 
simple  process  of  disintegration  in  situ. 

On  the  other  hand,  the  difficulties  in  the  way  of  supposing  the  high 
level  laterite  to  be  sedimentary  are  considerable.  The  idea  of  its  being 
a  marine  deposit  can  scarcely  be  entertained,  ;is  there  is  not  a  shadow  of 

>  Memoirs^  XII,  203,  (1876).  I  fart,  although  they  do  not,  as  a  rule,  preskfve 

'  Such  dense  beds  do  certainly  occur  in  the     their  non-vesicular  character  over  large  areas. 
Deccan  traps  indeed  they  cannot  be  said  to  be  t  Memoirs^  XII,  217,  (1876). 
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evidence  in  any  part  of  India  to  render  it  probable  that 
the  whole  of  the  great  trap  plateau  has  been  beneath 
the  sea  in  tertiary  times.  It  is  inconceivable  that 
fluviatile  deposits  should  be  so  enormously  extended, 
yet  so  thin.  One  objection,  which  at  the  first  glance 
appears  important,  is  apparent  rather  than  real.  It 
is  that  a  sedimentary  deposit  could  not  be  formed 
on  the  highest  portions  of  the  country,  because  there 
couhi  be  no  higher  land  in  the  neighbourhood  from 
which  the  sediment  might  be  derived,  whilst  the 
singularly  small  amount  of  disturbance  which  the 
Oeccan  rocks  have  undergone  renders  it  improbable 
that  any  great  relative  change  of  elevation  has  taken 
place.  But  it  must  be  remembered  that  laterite  is 
a  rock  which  resists  atmospheric  action  far  more  than 
most  forms  of  doleritic  trap,  as  is  shown  by  the 
manner  in  which  hard  unaltered  caps  of  laterite 
rest  upon  softened  and  decomposing  basaltic  rocks. 
Consequently  those  portions  of  the  plateau  which 
were  originally  highest  may,  if  not  capped  by 
laterite,  have  disintegrated  more  rapidly  than  those 
protected  by  the  lateritic  formation,  until  the  latter 
remained,  forming  the  highest  ridges,  long  after 
the  unprotected  portions  had  been  swept  away. 

The  evidence  afforded  by  the  laterite  outliers  in 
Bundelkhand^  is  distinctly  opposed  to  the  theory  of 
alteration  in  situ.  The  whole  group,  laterite  above 
underlaid  by  ferruginous  clay,  frequently  containing 
sand  and  pebbles,  is  found  indifferently  capping  the 
trap  and  Vindhyan  sandstones.  Now,  whatever  may 
be  the  case  with  dolerite  and  gneissic  rocks,  no 
conceivable  process  of  alteration  could  convert  a 
purely  quartzose  rock,  containing  a  mere  trace  of 
iron,  like  the  Vindhyan  sandstone,  into  an  argillaceous 
one  with  20  per  cent,  of  iron  entering  into  its  com- 
position, and  the  circumstance  that  the  lower  portion 
of  the  lateritic  group  is  clearly  detrital,  proves  that  the 
laterite  is  not  an  altered  outlier  of  the  Deccan  trap. 


It  appears  almost  impossible  to  separate  the  Bundelkhand  laterite  from 
the  high  level  laterite  of  the  Deccan.     Lithologically  and  stratigraphically 


»  Aftmoin,   II,  79-86,  (i860). 
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the  two  rocks  are  identical.  There  can  be  no  reasonable  doubt  that  the 
trap  once  occupied  the  surface  of  the  ground  now  cut  out  into  valleys  by 
the  feeders  and  main  streams  of  the  Son,  Narbad^,  and  Mahanadi^  and 
that  Bundelkhand  and  Milwcl  were  united  with  MandU  and  Sarguja  into 
one  plateau  of  horizontal  trap  rocks.  If  this  be  conceded^  and  it 
appears  impossible  to  doubt  it,  the  caps  of  laterite  near  Sdgar  (Saugor), 
occupying  precisely  the  same  relative  position  as  those  at  Amarkantak 
and  the  Mdin  FMt,  may  fairly  be  considered  part  of  the  same  bed,  and  the 
Rewd  outliers,  which  are  probably  either  beyond  the  original  range  of 
the  trap,  or  else  on  ground  which  was  above  the  general  trap  level,  must 
be  referred  to  the  same  origin.  Now  the  Amarkantak  and  Sarguja 
laterites  are  not  merely  similar  in  every  respect  to  the  other  Deccan  high 
level  outcrops  of  the  rock,  but  they  appear  to  be  connected,  by  a  series  of 
small  caps  at  intervals,  with  the  typical  formation  of  the  southern  Marithd 
country.  There  may  be  a  break  in  the  chain,  as  the  distances  are  too  great 
for  any  safe  conclusions  to  be  formed,  and  all  that  can  be  done  is  to  indi- 
cate the  probabilities,but  it  appears  to  be  a  fair  inference  that,  if  the 
Bundelkhand  laterite  is  of  detrita!  origin,  the  rock  of  Amarkantak  and 
the  Deccan  is  the  same. 

The  laterite  of  the  Rcljmahil  hills  is  separated,  by  so  great  a  break 
from  that  of  Sarguja,  and  the  R^jmahil  traps  are  in  all  probability  so  much 
older  than  those  of  the  Deccan,  that  it  is  impossible  to  say  whether  the 
R.ijmahil  laterite  is  of  the  same  age  as  that  of  central  and  western  India. 
Lithologically  it  is  identical,  and  like  the  Deccan  laterite  it  occurs,  in 
part  at  least,  at  a  considerable  elevation,  whilst  its  sedimentary  origin  has 
already  been  mentioned. 


On  the  west  coast  of  the  Peninsula  we  have  a  careful  study  of  the  low- 
level  laterite  of  south  Malabar  bv  Mr.  P.  Lake.^     He  describes  two  distinct 
varieties,  the  first,  distinguished  as  vesir:ular  laterite,  is  characterised  by  nu" 
merous  vermicular  branching  and  anastomising  tubes  which,  in  the  portion 
of  the  rock  not  exposed  to  the  air,  are  filled  with  a  white  or  yellow  clay, 
containing  a  much  smaller  proportion  of  iron  and  a  larger  percentage  of 
potash  than  the  walls  of  the  tubes.     Away  from  the  surface,  as  the   rock 
becomes  less  affected  by  the   weather,  the  distinction  between  the  tube 
walls  and  their  contents  gradually  disappears,  till  what  was   laterite  above 
passes  into  clay  below.     The  laterite  is  thus  seen  to  be  the  result  of  a 
sort  of  superficial  concretionary  action,  the  iron  tending  to  segregate  in 
the  form  of  tubes  from  which  the  clayey  non-ferruginous  parts  are  washed 
out,  leaving  the  resulting  laterite  with  a  higher  proportion  of  iron  than  the 
clay  from  which  it  was  formed. 

»  Memoirs,  XXIV,  217,  (1890). 
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The  other  variety  of  latcrite,  distinguished  as  pellety,  is  derived  from 
the  vesicular  laterite*  After  the  tube  contents  have  been  washed  out  the 
tube  walls  slowly  break  up  into  little  subangular  pieces,  which  are  washed 
away  and  deposited  at  a  lower  level,  where  they  are  recemented  into  a  rock, 
usually  much  more  solid  than  the  first  variety.  It  consists  of  small  irre- 
gular ferruginous  pellets  cemented  by  a  similar  material,  is  devoid  of 
vermicular  tubes,  and  has  a  higher  percentage  of  iron  than  the  unexposed 
parts  of  the  vesicular  variety,  the  percentage  being  probably  much  the 
same  as  in  the  tube  walls. 

The  origin  of  the  pellety  form  is  sufficiently  obvious :  it  is  a  detrital 
rock  formed  of  the  debris  of  the  vesicular  form,  which  is  regarded  by  Mr. 
Lake  as  a  product  of  decomposition  in  iiiu  of  the  gneiss.  The  gneiss  of 
Malabar^  consisting  principally  of  quartz,  felspar,  hornblende  or  mica,  and 
garnets,  weathers  leadily  into  a  ferruginous  clay.  If  exposed  to  the 
weather,  the  iron  segregates  and  hardens  the  clay,  where  it  collects,  while 
the  rest,  deprived  of  ferruginous  cement,  is  loose  and  easily  washed  away. 
As  this  process  goes  on  the  gneiss  becomes  covered  with  a  cap  of  laterite, 
gradually  increasing  in  thickness  till  ic  acts  as  a  protection  to  the  under- 
lying gneiss  from  further  decomposition. 

There  can  be  no  doubt  that  the  vesicular  laterite  is,  in  part  at  least, 
formed  by  a  laterisation  of  the  decomposed  gneiss,  for  the  lamination  of 
the  gneiss  can  often  be  traced  into  the  laterite,  and  the  more  quartzose 
beds  stand  up  as  ribs  several  feet  into  the  laterite  which  has  replaced 
the  more  felspathic  portions  on  either  side. 

One  more  hypothesis  of  the  origin  of  laterite  requires  notice.  Mr.  F.  R. 
Mallet,  in  noticing  the  resemblance  of  certain  ferruginous  beds  with  under- 
lying bole,  interstratified  with  the  volcanic  rocks  of  Ulster,^  to  the  laterite 
and  lithomarge  of  India,  suggests  that  the  laterite  is  of  lacustrine  origin. 
During  the  decay  of  vegetable  matter  in  the  presence  of  the  higher  oxides 
of  iron  oxygen  is  absorbed,  reducing  them  to  protoxide,  which  unites  with 
.  carbonic  acid,  a  product  of  the  decomposition  of  vegetation,  to  form  ferrous 
carbonate,  soluble  in  water  containing  an  excess  of  carbonic  acid.  When 
the  water  carrying  this  ferrous  carbonate  in  solution  is  exposed  to  the 
air  in  streanis  or  lakes  it  absorbs  oxygen,  the  ferrous  carbonate  is  decom- 
posed with  the  escape  of  carbonic  acid  and  a  re-oxidation  of  the  ferrous 
oxide  into  insoluble  ferric  oxide,  which  is  precipitated  wherever  the 
water  comes  to  rest  in  a  lake  or  marsh. 

On  this  hypothesis  the  high  level  laterite  would  have  been  formed  in 
the  shallow  depressions  left  between  the  lava  flows  and  ash  heaps  of  the 
surface  of  the  land  at  the  close  of  the  Deccan  trap  period,  while  the  low 

»  Records,  XIV,  139,  (1881). 


Chap.  XVJ  SUMMARY  OF  THEORIES  OF  ORIGIN.  385 

level  laterite,  excluding  the  ferruginous  gravels,  would  have  been  formed 
in  the  depressions  on  the  plain  ol  marine  denudation  whose  surface  it  caps. 
As  already  explained,  the  resistance  which  laterite  offers  to  denudation 
would  be  sufficient  to  account  for  its  being  now  found  capping  the  hills, 
and  if  it  were  originally  formed  in  the  depressions  of  the  surface,  for  the 
complete  reversal  of  contour  is  an  indication  of  the  time  that  has  elapsed. 


From  what  has  gone  before  it  will  be  seen  that  the  subject  of  the  origin 
of  laterite  is  still  wrapt  in  obscurity.  None  of  the  various  hypotheses  that 
have  been  piopounded  is  completely  satisfactory,  nor  is  it  possible  to  come 
to  any  final  conclusion  till  an  agreement  is  come  to  as  to  the  meaning  of 
the  word  laterite.  It  must  be  used  either  as  purely  a  lithological,  or  as 
a  chronological,  term,  not  indifferently  as  either,  but  as  the  word  was 
originally  intended  to  describe  a  peculiar  variety  of  rock^  irrespective  of 
its  age  or  origin,  for  which  too  a  fresh  name  would  have  to  be  adopted  if 
the  familiar  one  were  abandoned,  it  is  the  lithological  sense  of  the  word 
which  it  is  most  desirable  to  retain. 

Using  the  term  as  defined  by  its  proposer  for  a  vesicular,  highly  ferru- 
ginous, clay,  soft  in  the  mass  but  readily  hardening  on  exposure  to  the 
weather,  it  seems  that  there  is  nothing  essentially  volcanic  in  the  rock. 
The  high  level  laterites  arc  doubtless  derived,  directly  or  indirectly,  from 
the  debris  of  volcanic  rocks,  but  it  is  to  the  gneiss  and  granite  that  we  must 
look  for  the  ultimate  source  of  the  laterite  of  the  south  Konkan,  Travancore, 
and  Ceylon. 

According  to  some  geologists  this  laterite  is  in  reality  a  soil  and  formed 
by  the  direct  decomposition  in  situ  of  the  underlying  rock,  but|  some  doubt 
attaches  to  the  observations  on  which  this  conclusion  is  based,  as  the  ap- 
parent transition  may  be  due  to  an  infiltration  of  iron  from  the  overlying 
laterite  and  a  conversion  of  the  decomposed  portion  of  the  underlying  rock, 
where  it  is  suitably  argillaceous,  into  laterite.  It  is  certain  that,  though 
laerite  appears  to  a  certain  extent  to  be  still  in  course  of  formation,  the 
bulk  of  the  rock  is  of  ancient  date,  for  it  is  now  found  on  the  summits  of 
steeply  scarped  trap  hills,  or  a  deeply  eroded  plain  of  marine  denudation, 
the  exceptions  being  for  the  most  part  those  cases  where  it  is  palpably  or 
probably  of  detrital  origin,  and  derived  from  pre-existing  laterite. 

There  are  two  difficulties  in  the  way  of  accepting  this  explanation 
without  modification.  The  first  is  the  large  proportion  of  iron  present  in 
laterite,  a  proportion  which  is  only  exceptionally  found  in  any  volcanic 
rock,  and  much  exceeds  that  present  in  any  of  the  gneissose  rocks,  apart 
from  certain  highly  ferruginous  bands.  Such  local  and  exceptional  accu- 
mulations of  iron  are  not  sufficient  to  account  for  the  amount  present  in  the 
laterite  caps  far  removed  from  them,    nor  can  the  concentration  of  iron 
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Caused  by  the  washing  away  of  the  less  ferruginous  and  consequently  less 
coherent  portions,  account  for  its  presence,  any  more  than  for  the  argil- 
laceous nature  of  the  rock,  where  it  rests  on  sandstones  almost  devoid  of 
any  trace  of  clay  or  iron.  The  supposition  that  laterite  is  derived  from  the 
decomposition  of  a  specially  ferriferous  eruption,  marking  the  close  of  the 
Deccan  trap  period,  is  insufficient  to  account  for  the  facts  even  within  the 
Deccan  trap  area,  and  quite  fails  when  applied  to  the  remote  exposures, 
far  beyond  the  limits  of  the  area  within  which  the  influence  of  these  erup- 
tions could  have  been  felt. 

One  objection  which  might  be  urged  to  the  hypothesis  of  the  origin  of 
laterite  by  the  decomposition  in  situ  of  volcanic  rock,  that  it  should  in  that 
case  be  found  interbedded  with  the  trap,  may  be  dismissed.  However 
laterite  originated,  time  was  certainly  a  factor  in  its  formation,  and  the 
occurrence  of  beds  of  bole  suggests  that  the  same  causes  which  subset 
quently  led  to  its  formation,  were  at  work  during  the  Deccan  trap  period, 
but  that  the  rapid  succession  of  lava  flows  did  not  leave  them  time  to  pro- 
duce the  full  eflfect  which  resulted  when  the  eruptions  had  ceased. 

The  second  difficulty  is  the  great  thickness  of  some  of  the  patches  of 
high  level  laterite,  which  seems  to  preclude  their  having  been  formed  as  a 
soil,  by  the  segregation  of  the  oxide  of  iron  and  removal  of  the  less 
coherent  non-ferruginous  portions,  and  the  more  probable  explanation  is 
that  they  were  formed  in  lakes  or  marshy  hollows  by  the  deposition  of  oxide 
of  iron  from  the  stagnant  waters,  mixed  more  or  less  with  fine  grained  ash 
and  decomposed  volcanic  debris.  The  laterite  of  the  lowlands  may  have 
been  similarly  formed  in  marshy  hollows,  left  on  the  surface  of  a  plain  of 
marine  denudation  after  its  elevation  above  sea  level.  It  is  described 
as  a  thin,  fairly  uniform  layer  covering  the  undulations  of  this  plain,  but  in 
Mr.  Lake's  description  of  south  Malabar  there  are  said  to  be  gneiss  hills, 
or  islands,  rising  from  this  plain,  on  which  no  laterite  is  found,  and  if  the 
laterite  were  a  direct  product  of  decomposition  of  gneiss,  it  is  difficult  to 
see  why  it  should  be  restricted  to  the  lowland  near  the  coast,  which  was 
evidently  once  covered  by  the  sea. 

As  to  the  conditions  necessary  for  the  formation  of  laterite  little  can  be 
said.  Those  countries  where  it  has  been  supposed  to  be  still  in  process  of 
formation  are  characterised  for  the  most  part  by  a  warm,  moist,  climate,  and 
an  abundant  vegetation.  But  there  is  one  characteristic  of  all  the  laterite 
regions  that  appears  to  be  important ;  the  laterite  is  without  exception  only 
found  on  level  or  gently  undulating  surfaces,  if  we  ignore  the  irregulari- 
ties produced  by  subsequent  denudation.  It  is  found  on  the  terrace  border- 
ing the  sea  coast,  and  on  the  plateaux  capping  the  hills  further  inland,  but 
whenever  a  rock  which  could  pass  for  laterite  is  found  on  the  intermediate 
slopes,  it  is  clearly  of  derivative  origin.  The  rounded  surfaces  of  the 
gneiss   hills  of  Ceylon  and  Southern  India  are  often  covered  to  a  great 
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depth  with  a  more  or  less  ferruginous  subsoil,  which  never  passes  into 
laterite,  except  in  such  localities  as  the  summit  plateau  of  the  Shevaroy  hills 
or  the  plain,  now  intersected  with  valleys  cf  denudation,  which  bordeislhe 
sea  coast.  It  is  also  said  to  be  found  in  the  bottoms  of  the  valleys  of  south 
Malabar,  but  wherever  laterite  is  found  on  the  sloping  ground,  it  is  clearly 
derived  from  the  disintegration  of  some  bed  at  a  higlier  level. 


The  geological  age  of  the  high  level  laterite  must,  of  course,  remain 
undetermined;  until  the  mode  of  formation  has  been  more  definitely  ascer- 
tained.    If   the  rock   be  merely   the  result   of  surface    alteration,  it  may 
be    of   any   date    subsequent    to    the   termination    of    the    volcanic  out- 
bursts.    Indeed,    it  must  still  be  in  process  of   formation,    as   has    been 
justly  pointed  out  by  several    observers.     But,  as  its  occurrence   in   the 
form  of  a  few  isolated  caps  shows  that  it  was  once  a  much  more  extensive 
formation,    it    must   have    existed    before    the    denudation    of    the    area 
/jad   much  advanced,    and  must,  therefore,    have  been  formed,  in  part  at 
/ca.st,  soon  after  the  termination  of  the   volcanic  eruptions.      The  great 
sfnii/arity  between  the  high  level  laterite  and  the  beds  of  the  same  rock 
'nte^rstratified  with  the  nummulitic  limestones  and  gravels  of  Gujarat  and 
Cutch,  tends  to  suggest  the  possibility  that  the  two  are  contemporaneous, 
and     also  that  they  may  have  been  produced  in  the  same  manner,  with 
this     important  distinction,   however,  that  the    Gujardt  beds  are   marine, 
^vli  i  Is; t  there  does  not  appear  to  be  any  evidence  in  favour  of  supposing 
tha.t:    tlie  highlands  of  the  Deccan  were  submerged  during  any  portion  of 
the    tertiary  period.     Had  they  been  submerged,  the  amount  of  denudation 
whicrtt    the    traps  must  have  undergone   would,    in    all    probability,   have 
canseidthe   high  level   laterite  to  be  more  distinctly  unconformable.     At 
the    s^^me  time,  it  is  far  from  clear  that  the  laterite  is  truly  conformable  to 
the    H  ighest  trap  flows.     It  has  been  hitherto  assumed,  rather  than  proved, 
tb^t     ^1,11  the  beds  of  laterite,  at  lower  elevations  than  the  summit  bed,  are 
of  l^ti^r  age.     The   occurrence  of  laterite  at    various  elevations  presents 
^^      difficulty    on    the    theory  of   the  laterite  being    an    altered    form    of 
the      traps,   but   if  this  rock  be   of  any  definite   date,  it    is  clear  that   ex- 
terksi-ve    denudation    must  have  reduced  the  level   of  such  hills  as    M^- 
ibctr^ii^  the  uppermost  beds  of  which  are  at  least    2,000   or   3,000   feet 
b^lo^v    the    highest   volcanic   flows,    before    the   laterite    was    deposited. 
"S^vertheless,  the  laterite  of  Matherin,  although  apparently  non-detrital, 
(t^^y  be  a  secondary  product.     This  question  of  the  conformity  of  the  high- 
\evel  laterite  to  the  highest  traps  requires,  in  fact,   further  investigation. 
Whether  the  true  laterite  of  the  low  grounds  near  the  sea  is  to   be   re- 
.^arded   as   newer   than   that   of  the  high  level  plateaux    depends  on  the 
hypothesis  of  origin  adopted.     If  they  are  both  products  of  decomposition 
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in  situ  of  the  underlying  rock,  they  may  both  be  of  the  same  age,  but  if, 
as  seems  probable,  the  formation  of  the  laterite  was  anterior  to  the  excava- 
tion of  the  valleys  which  now  limit  its  extent,  then  the  low  level  laterite  is 
shown,  by  the  less  degree  of  denudation  that  has  taken  place  since  its  for- 
mation, to  be  newer  than  the  high  level.  On  any  hypothesis,  except  the 
impossible  one  of  direct  volcanic  origin,  there  is  no  reason  why  the  pro- 
duction of  laterite  should  be  restricted  to  any  particular  geological  age, 
and  Mr.  Lake's  observation  of  the  apparent  passage  of  gneiss  into  laterite 
in  the  bottoms  of  some  of  the  valleys  of  south  Malabar,'  would  bring  tl.e 
date  of  origin  of  [some  part  of  the  laterite  down  to  a,  geologically,  very 
recent  period. 


The  foregoing  remarks  regarding  the  origin  of  laterite  refer  only  to 
Mhat  may  be  called  the  non-detrital  form,  in  the  sense  that  it  is  not  pal- 
pably formed  of  the  debris  of  pre-existing  rocks  of  a  similar  nature  ;  but  the 
bulk  of  what  has  generally  been  described  as  low  level  laterite,  principally 
along  the  east  coast,  is  evidently  of  clastic  origin,  and  is  often  merely  a  sub- 
recent  gravel  with  a  ferruginous  matrix.  Although,  as  has  been  explained, 
it  seems  advisable  to  use  the  term  laterite  in  a  purely  lithological  sense 
and  not  to  apply  it  to  such  rocks,  even  though  there  is  every  degree  of 
transition  between  the  two,  it  is  impossible  to  ignore  these  so  called  late- 
rites,  seeing  that  the  term  has  been  so  generally  used  in  the  past. 

Like  the  true  laterite  of  south  Malabar,  they  are  found  resting  on 
what  appears  to  be  a  plain  of  marine  denudation,  and  the  enquiry  naturally 
arises  as  to  whether  the  low  level  laterite  is  a  marine  formation.  A  priori 
it  would  appear  improbable  that  a  marine  formation  should  be  deposited 
during  the  process  by  which  a  plain  of  marine  denudation  is  elevated 
above  the  sea.  On  the  other  hand,  the  frequent  occurrence  of  pebbles, 
often  of  large  size,  in  the  laterites  of  the  east  coast  appears  due  to  the 
action  of  the  waves,  especially  where,  as  around  the  isolated  hills  in  Orissa, 
which  may  originally  have  been  islands,  a  mass  of  well  rounded  shingle, 
in  every  way  resembling  a  beach,  is  found  cemented  together  by  laterite. 
'Ihe  absence  of  marine  fossils  may  be  due  to  their  having  been  obliterated 
by  the  forces  which  produced  the  peculiar  concretionary  structure  of  the 
rock. 

There  are,  however,  two  circumstances  which  appear  to  militate 
strongly  against  considering  the  laterite  a  marine  formation.  One  of  these 
is  its  remarkable  thinness,  which,  so  far  as  is  known,  rarely  exceeds  20 
feet  along  the  east  coast,  and  the  other  is  the  very  frequent  occurrence, 
in  the  Madras  country,  of  palaeolithic  implements  imbedded  in  the  rock. 
Some  of  these  might  have  been   dropped  into  the  sea  from  canoes,  but 

*  Memoin,  XXIV,  226,  (1890). 
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it  is  incredible  that  the  men  who  used  the  stones   should   have  lost  them 
ill  the  sea  in  such  numbers  as  would  account  for  their  present  abundance. 

,0n  the  whole,  it  appears  most  probable  that  the  low  level  later ite  is  a 
subaerial  deposit,  due,  however,  in  many  cases,  to  the  rearrangement  of 
maiine  gravels  and  sands  by  rain  and  streams.  All  rain  and  stream 
action  would  tend  to  carry  away  the  lighter  sand  and  clay,  and  to  leave 
behind  the  heavy  iron  sand,  and  to  this  may  be  due  the  concentration  of 
the  ferruginous  element. 

The  presence  of  palaeolithic  human  implements  in  the  Madras  laterite 
proves  that  the  rock  is  of  post-tertiary  origin.  The  implements  ^  found 
are  chiefly  of  quartzite,  and  have  evidently  been  fashioned  from  peb- 
bles, derived  originally  from  the  rocks  of  the  Cuddapah  system. 

Despite  the  geologically  recent  origin  of  the  low  level  laterite,  the  con- 
siderable amount  of  denudation  which  it  has    undergone  shows  that   it  is, 
in  part  at  least,  a  formation  of  ancient  date,  counting  by  years.     It  has 
already  been  mentioned  that;  on   the   west  coast  the  plateau  near  the  sea 
has  been  cut  through  by  streams  to  a  great  depth,  and  the  underlying  trap 
exposed,  and  that  farther  inland,  at  a  higher  level,  only  a  few  caps  of   the 
low  level  laterite  remain.     On  the  eastern  coast,  which,  owing  to  the  large 
amount  of  deposits  brought  down  by  rivers,  is  protected  from  the  action  of 
the  sea,  the  laterite  has  undergone  less  denudation,  in  consequence  of  its 
being  frequently  covered  by  later   alluvial  deposits,  but  still  it  has  been 
removed  by  atmospheric  action  over  large  areas  away  from  the  coast.    It  is 
probable  that  the  land  rose  very  slowly  from  the  sea,  the  laterite  forming 
on  the  raised  s]ope  pari  passu  with  the  elevation,  and  that,   consequently, 
the  farther  inland  the  rock  the  older   its  date,  and  the  longer  the  period 
during   which   it  has    undergone   denudation  from  atmospheric  agencies. 
But  the  deep  ravines  cut  by  the  streams  close  to  the  western   coast,   near 
Ratnigiri,  mark  the  lapse  of    a  considerable  period  of  time  since  the  low 
level  laterite  was  first  consolidated,  and  a  curious  piece  of  evidence  of  the 
same  kind  has  been   recorded   by  Mr.  Foote*  in  the    neighbourhood  of 
Madras. 

Between  two  villages  called  Amerumbode  and  Maderapaucum,  east  of 
Sattavedu,  and  about  30  miles  north-west  by  north  of  Madras,  are  some 
stone  circles,  made  of  blocks  of  the  laterite,  in  which  palaeolithic  impler 
ments  are  found  in  abundance  in  the  immediate  neighbourhood.  Tiie 
stone  circles  are  known  in  the  country  as  Karambar  rings,  and  precisely 
similar  rings  of  stone  are  found  in  many  parts  of  India,  associated  with 
various  other  rude  stone  buildings  such,  as  kistvaens  and  cromlechs. 
That  these  stone   circles  are  of   much    later   date   than    the    palaeolilinc 

'  R,  B.  Foote,  Mad.  Jour.  Lit.  Set.,  Oct.  i866,[  Soc,  XXIV,  484,  (1868). 
3rd  series,  Pt.  2,   p.  i  j  aAao  Quart,  Jour.  Geol.  I     '  Memoirs,  X,  47,  (1873). 
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implements  is  evident,  first  because  in  the  particular  case  near  Madras  the 
circles  are  constructed  of  rock  in  which  the  implements  are  imbedded,  and 
secondly,  because  iron  implements,  which  mark  a  far  more  advanced  stage 
of  human  progress,  have  been  repeatedly  found  within  the  enclosures. 
Nevertheless,  the  stone  circles  themselves  must  be  the  work  of  a  very 
ancient  period,  for  all  record  of  their  construction,  or  even  of  the  people 
who  built  them,  has  passed  away. 


CHAPTER  XVI. 

PLEISTOCENE   AND   RECENT    DEPOSITS. 
(Exclusive  of  the  Indo-Gangetic  alluvium^ 

Peninsular  Area — Extent,  and  distinction  from  tertiary  beds — Various  forms  of  posttertiary 
deposits — Cuddalore  sandstone— War  kalli  beds— Cave  deposits— Older  alluvium  of  the 
Narbadd,  Tdpti^  Godivari  and  Kistna— Newer  alluvium  of  the  east  coast^-SmoOth  water 
anchorages  and  recent  deposits  of  the  west  coast— Lake  deposits — Regur^  or  cotton  soil — 
Blonw  sand -Extra-PbninSular  Area— Hills  west  of  the  Indus— North-West  Punjab— 
the  Hitndiayas— Eastern  frontier — Alluvium  of  the  Irawadi. 

The  posttertiary  (postpHocene,  pleistocene  or  quaternary)  and  recent 
formations  of  India  occupy  an  immense  area.  They  form  the  wide  plains  of 
the  Indus,  Ganges,  and  Brahmaputra,  and  cover  large  tracts  of  country 
south  of  the  Gangeticand  east  of  the  Indus  plain.  No  older  formation  is 
exposed  throughout  the  greater  portion  of  the  belt  of  alluvial  lowland 
fringing  the  eastern  coast  of  the  Peninsula,  and  subrecent  accumulations 
occupy  a  large  area  in  Gujarit  and  in  some  other  districts  near  the  western 
coast.  Large  deposits  in  the  valleys  of  the  peninsular  rivers  and  upon  the 
fertile  plains  of  the  interior  are  also  of  recent  or  subrecent  origin.  The 
most  important  and  extensive  of  these  forms  the  great  Indo-Gangetic  plain, 
and,  as  the  extent  and  variety  of  the  recent  and  subrecent  deposits  render 
it  impossible  to  treat  of  them  all  in  a  single  chapter,  its  description,  with 
all  the  important  and  interesting  questions  it  raises,  will  be  deferred  for 
the  present. 

It  is  very  difficult  to  draw  a  clear  and  distinct  line  between  tertiary 
and  posttertiary  formations  in  India.  The  limit  of  the  two  in  Europe 
coincides  with  the  glacial  epoch,  but  as  no  physical  trace  of  this  cold 
period  has  been  detected  in  peninsular  India,  the  distinction  between  the 
pliocene  tertiary  formations  and  the  postpliocene  beds  is  there  less  easily 
defined.  Practically,  no  difficulty  has  hitherto  arisen,  because  the 
tertiary  beds  of  the  Peninsula  are  comparatively  unimportant,  and  those 
which  occur  belong  to  the  older  or  middle  tertiaries,  and  not  to  the 
newer  beds,  so  that  there  is  a  marked  break  between  the  tertiary  and 
posttertiary  deposit?  ;  but  in  the  extra-peninsular  area,  where  the  upper- 
most tertiary  deposits  are  largely  developed,  it  is  often  extremely 
difficult  to  say  where  the  line  should  be  drawn. 
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In  dealing  with  the  recent  and  subrecent  deposits  of  India  it  is  impos- 
sible to  observe  a  strictly  chronological  order,  and  it  is  necessary  to  classify 
ihem  more  or  less  according  to  their  nature.  In  the  case  of  those  in 
peninsular  India  the  following  classification  will  be  followed,  the  oder 
being  roughly,  though  not  strictly,  that  of  their  date  of  origin  : — 

1.  Subrecent  or  doubtfully  tertiary  deposits  of  the  coastal  region. 

2.  Cave  deposits. 

3.  Older  alluvial  deposits. 

4.  Newer  alluvial  deposits  of  the  river  valleys  and  deltas. 

5.  Raised  littoral  accumulations  of  sand,  shells,  etc. 

6.  Soils. 

7.  Blown  sand. 

Along  the  eastern  coast  cf  the  Peninsula,  from  the  neighbourhood  of 
Rijdmahendri  to  the  Tinevelli  district,  a  peculiar  formation,  consisting 
chiefly  of  sandstones  and  grits,  is  found  underlying  the  laterite  and  asso- 
ciated gravels  which  form  a  low  slope  on  the  edge  of  the  east  coast 
alluvium.  This  sandstone  formation  has  received  several  local  names,  but 
is  now  generally  known  as  the  Cuddalore  sandstones,^  from  being  well 
developed  in  the  neighbourhood  of  the  civil  station  of  Cuddalore,  about 
100  miles  south  of  Madras. 

The  greater  portion  of  the  Cuddalore  group,  throughout  the  area  in 
which  it  is  found,  consists  of  gritty  and  sandy  beds,  sometimes  highly 
ferruginous,  and  coloured  of  various  tints  of  yellow,  brown,  red,  and 
purple,  sometimes  white  or  pale  coloured,  and  not  infrequently  mottled* 
In  some  cases  the  rock  is  argillaceous,  and  occasionally  thin  bands  of 
clays  or  shales  are  interstratified.  The  beds  are  soft,  loose  textured  and,  as 
a  rule,  ill  consolidated,  being  rarely  sufficiently  compact  to  be  used  as 
building  stone.     Bands  of  conglomerate  have  been  found. 

As  already  stated,  these  beds  have  been  traced  throughout  a  large 
portion  of  the  east  coast.  Their  most  northerly  extension  known  is 
between  Vizagapatam  and  Rdjdmahendri.  The  coast  north  of  Vizagapa- 
tam,  as  far  as  the  Chilk^  lake,  has  not  been  examined  geologically,  and 
throughout  Orissa  no  outcrops  of  the  Cuddalore  beds  have  been  detected, 
but  there  is  a  possibility  that  they  may  be  represented  by  some  clays  and 
sandy  beds  associated  wi£h  the  laterite  of  Midnapur.*  There  is  rather 
more  probability  that  certain  sandstones,  grits  and  clays,  which  occur  east 
of  Rdnfganj,  and  extend  northwards  as  far  as  Surf  in  Birbhum,  belong  to 
the  same  group  as  the  Cuddalore  sandstones  of  Madras. 

From  the  neighbourhood  of  Rdjimahendri  the  Cuddalcre  beds  have 
been    mapped    at    intervals   along  the   coast  for   fully  600    miles  to  the 


*  For  further  information  see  tnore  particu* 
larly,  H.  F.  Blanford,  Memoirs^  IV,  165,  (1863); 
King  and  Foote,    Afemoirs,  IV,  256,    (1864); 


Foote,  Memoirs,  X,  59.  (1873)  and   XX,   35, 
(1883). 

'  Memoirs,  I,  268,  (1859). 
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southward.  They  usually  form  a  low  slope,  dipping  at  a  very  slight  angle  to 
the  eastward,  in  the  direction  of  the  sea,  and  iare,  as  a  rule,  much  covered 
and  concealed  by  the  deposits  associated  with  the  low  level  laterite  of  the 
east  coast.  To  the  westward  they  rest  indifferently,  but  always  unconform- 
ably,  upon  rocks  of  various  ages, — metamorphic,  Jurassic  or  cretaceous,— 
and  they  often  terminate  in  this  direction  in  a  low  scarp.  To  the  eastward 
they  disappear  in  places,  with  their  capping  of  laterite,  beneath  the  alluvium 
of  the  coast,  but  they  quite  as  often,  especially  to  the  southward,  terminate 
in  a  small  cliff.  Their  outcrop  is  repeatedly  interrupted  by  the  broad  alluvial 
valleys  of  rivers,  and  in  some  places,  as  for  nearly  100  miles  south  of 
Madras,  they  appear  to  be  wanting  altogether,  whilst  in  other  parts  of  the 
country  they  form  a  broad  tract,  usually  sandy  and  infertile,  raised  above 
the  general  level,  occasionally  no  less  than  25  miles  wide  from  east  to  west, 
as  near  Cuddalore,  but  generally  much  less. 

From  the  paucity  of  sections  and  the  extent  to  which  the  Cuddalore 
sandstones  are  concealed  by  laterite  and  sandy  soil,  their  absolute  thick- 
ness can  nowhere  be  estimated  with  accuracy.  The  scarp  in  which  they 
terminate  to  the  westward  is  sometimes  as  much  as  100  feet  high  and 
they  must  be  somewhat  thicker  than  this,  but  it  is  doubtful  if  they  attain 
any  considerable  thickness.  They  are  perfectly  undisturbed,  and  have  all 
the  appearance  of  being  a  comparatively  late  formation. 

The  only  fossils  found  in  the  Cuddalore  beds  consist  of  exogenous  sili- 
cificd  fossil  wood,  some  of  which  is  coniferous  and  has  been  described 
under  the  name  of  Peuce  schmidiana}  The  genus  Pence  is  not  acknow- 
ledged by  all  palaeobotanists,  and  it  appears  too  ill  defined  to  justify  any 
conclusions  as  to  the  age  of  the  rocks  being  founded  upon  its  occurrence. 

This  silicified  woodis  especially  abundant  at  Tiruvakarai(Trivicary\  about 
fourteen  miles  west  north-west  of  Pondicherri,  whence  the  name  of  Trivicary 
grits  has  been  applied  by  some  writers  to  the  local  development  of  the  Cudda- 
lore sandstones.  The  trunks  of  trees  occurring  at  this  place  are  of  large 
size,  one  having  been  found  as  much  as  100  feet  in  length,  while  stems  15 
to  20  feet  long  and  5  to  6  feet  in  girth  are  not  uncommon.  They  occur 
prostrate,  imbedded  in  ferruginous  grit. 

'\  he  age  and  mode  of  origin  of  the  Cuddalore  sandstones  are  obscure, 
ats  but  little  importance  can  be  attached  to  the  identification  of  one  generic 
form  of  coniferous  wood.  They  are  quite  unconformable  to  the  cretaceous 
beds,  which  they  overlap  in  a  most  irregular  manner,  as  near  Pondicherri, 
vrhere  they  rest  on  beds  of  the  Ariyalur  group,  forming  the  plateau 
near  the  town,  known  as  the  Red  hills ;  six  miles  further  westward,  and 
V'est  of  the  belt  of  cretaceous  rocks,  they  are  seen  resting  on  Utatur  beds 
near  Tiruvakarai,  whilst  a  few  miles  further  west  they  completely  overlap 

'  Schmid  u.  Schleiden:  Ueber  die  Natur   der  Kieselho'.zcr.     Jena,  185S,  pp.  4,  36. 
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the  cretaceous  beds  and  rest  on  gneiss.  Fragments  derived  from 
the  cretaceous  beds  and  containing  cretaceous  fossils  have  been  found 
near  Tanjore.  Near  R^jdmahendri  the  Cuddalore  sandstones  overlie  the 
Deccan  trap,  the  Jurassic  rocks  and  the  gneiss.  It  is  safe,  therefore,  to 
conclude  that  the  sandstones  cannot  be  older  than  upper  tertiary.  And 
the  discovery  by  Mr.  Foote,  in  theTinnevelH  district,  of  subrecent  marine 
beds,  containing  only  living  species  of  mollusca,  associated  with  grits  which 
he  believed  to  represent  the  Cuddalore  beds,^  appears  to  show  that  an 
even  later  date  should  be  ascribed  to  them. 

The  origin  of  these  rocks  is  as  obscure  as  their  date.  Occurring  as 
they  do,  parallel  with  the  coast,  it  is  natural  to  suppose  that  they  are  of 
marine  origin  and  have  been  formed  near  the  shore,  when  the  general 
contour  of  the  coast  was  the  same  as  it  noW  is,  though  the  level  of  the 
land  was  somewhat  lower.  But  the  complete  absence,  so  far  as  is  known, 
of  all  marine  remains  is  not  easy  to  explain.  Coarse  sandstones  and  grits 
are  usually  unfossiliferous,  but  in  beds  which  have  undergone  so.  little 
change  some  casts  of  shells,  at  least,  would  probably  be  found  in  the  more 
argillaceous  strata,  if  they  were  of  marine  origin.  At  the  same  time  it  is 
difficult  to  suppose  that  the  western  coast  of  the  Bay  of  Bengal  can 
have  formed  part  of  a  river  valley  in  tertiary  times,  and  it  is  equally  im- 
probable that  stratified  grits,  sandstones  and  conglomerates,  like  those  of 
the  Cuddalore  beds,  can  be  a  form  of  subaerial  wash. 

On  the  west  coast  of  the  Peninsula  a  series  of  clays  and  sandy  clays  with 
lignite  beds  near  their   base,  known    as  the  Warkalli  beds,  are  found  for 
about  twenty  miles  along  the  Travancore  coast,  from  about  three  miles  north 
of  Quilon  to  the  same  distance  south  of  Warkalli,  and  have  been  supposed 
to  represent  the  Cuddalore  sandstones  of  the  east  coast.     Some  doubt  may 
be  expressed  as  to  the  correctness  of  this  correlation,  for  the  Warkallj 
beds  are  said  to  attain  a  thickness  of  200  feet,  doable  the  greatest  recorded 
thickness  of  their  supposed  representatives  on  the  east  coast,  and    their 
upper   surface  is  said    to  be  formed    by  the  same  plain  of    marine  denu- 
dation which  cuts  the  gneiss  further  inland,*  pointing  to  an  older  date  than 
that  of  the  Cuddalore  beds.      The  Warkalli  beds  are  said  to  be   underlaid 
by  the  limestones  containing  eocene  fossils,  which  have  been  referred  to  in  a 
previous  chapter,  but  though  there  is    no  reason  to  doubt  the  presence  of 
these  eocene  limestones,  they    have    not  been   examined    in   situ    by   a 
competent  geologist,  and  we  have  no  information  at  present  as  to  whether 
or  not  they  are  conformable   to  the    overlying  beds,     if  so,  it  would  point 
to  a  greater  antiquity   for  the  Warkalli  beds  than  there  seems  to  be  any 
good  ground  for  ascribing  to  the  Cuddalore  sandstones. 

»  Memoirs,  XX,  41,  (1883).  |  »  W.  King,  Records,  XV,  92,  (1882). 


CAVE    DEPOSITS. 


395 


Chap.  XVI.] 

On  the  coast  of  Kdthiiwir  a  subrecent  marine  limestone,  largely  used 

as  a  building  stone  in  Bombay,  is  found.  It  is  commonly  known  as  Porebandar 

stone  from  the  name  of  the  port  whence  it  is  shipped  or,  using  the  name 

proposed  by  Dr.  Carter,  miliolite.     The  typical  miliolite  is  a  finely  oolitic 

freestone,  largely  composed  of  foraminifera,  which  form  the  nuclei  of  the 

oolitic  grains,  but    near  the  sea  coast  the   limestone   is  not  infrequently 

mixed  with  a  large  proportion  of  sand.     In  the  eastern  part  of  K^thidwar 

these  beds  are  only  found  near  the  coast ;  further  we^t,  however,  they  form 

the  whole  surface  mapped  as  recent,  and  extend  on  to  the  tertiary  ro<?ks  and 

the  Deccan  trap.      They  attain  a  maximum  thickness  of  about  loo  feet, 

^re  extensively  faise-bedded  in  thin  layers,  and,  though  clearly  a  marine 

deposit  land   shells,  which  were  doubtless  washed   down  by  small  streams 

or  floods,  have  been  found  in  some  of  the  more  impure  beds.* 


There  is  only  one  locality   in  the  Indian   Peninsula  where  mammali- 
ferous  cave  deposits  have  been  detected.     This  is  at  a  place  called  Billa 
^urgam,  a  few  miles  north  of  Banaganpalli  in  the  Karnul  district.     The 
caves  are  in  the  limestone  belonging  to  the  Karnul  series,  and  situated 
at  a  higher  level  than  the  beds  of  the  present  drainage,  their  floor  is  in- 
crusted  with  stalagmite,  beneath  which  red  marl,  full  of  bones  of  animals, 
large  and  small,  is  found.     These  caves  were  first  discovered  by  Captain 
Newbold,  whcse  collections  were,  however,  never  described,  nor  can  the 
specimens  noiv  be  found.     More   recently  they  have   been   explored  by 
the  Geological  Survey,  and  the  collection    of  bones,  some  of  which  exhibit 
traces  of  having  been  shaped  by  man,  described  by  Mr.  Lydekker.     The 
fauna,  besides  many  living  forms,  contains   five  species,    Viverra  karnu' 
^i'ensis^  Hystrix  crassidens^    Atherura  karnuliensis^  Rhinoceros  karnu* 
^iensis^  and  Sus  karnuliensts^  which  are  extinct,  though  closely  allied  to 
living  forms.     But  the  most  interesting  feature  is  the  occurrence  of  four 
types   identical  with,  or  closely  allied    to,    living   African    forms;  these 
ii.re    CynocephaluSf  sp.,  Eqiius  asinus^   Hyxna    crocuta^  and    Manis    cf. 
'gantea? 


The  older  alluvial  deposits  are  well  represented  in  the  valleys  of  the 
eninsula.     Leaving  the  deposits  of  the  Indo-Gangetic  plain  for  separate 
^description,  the  various  older  alluvial  deposits  of  the   peninsular  rivers 


*  Jour,  Bo,  Br.  Roy  As.  Soc.  V.  313,  (1857) ; 
^^eological  papers  on  Western  India,  Bom- 
^sy.  1S57,  P«  75^;  Memoirs,  XXI,  1261 
V1884). 

'  For  further  details,  sec  T.  J.  Ne  wbold : 


Jour.  As.  Soc.  Beng.,  XIII,  610,  (1844);  R.  B. 
Foote,  Records,  XVII,  27,  200,  (1884) ;  XVIII. 
227,  (1885);  R.  Lydekker,  iZrcorc?^,  XIX,  120, 
(1886) ;  Pal.  Indica,  series  x,  IV,  pt.  2, 
(1886). 
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*^'"    rtrcams  ^^-^^^^^  Tot  tV»e  ^^^^.f   compose-^  oj     J^,,badi  v»  ^^. 
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through  the  nietamorphic  rocks  forming  the  various  barriers,  at  the 
places  where  the  valley  leaves  the  softer  formations.  On  the  Narbad^  and 
Tdpti  it  is  otherwise,  the  rocks  underlying  the  alluvial  areas,  so  far  as 
is  known^  are  of  the  same  kind  as  those  cut  through  by  the  rivers  at 
their  exit  from  the  plains.  It  is  not  improbable  that  the  formation  of 
these  well  defined  plains  in  the  NarbadcL  and  Tdpti  valleys,  and  the  ab- 
sence of  similar  flats  on  the  Godivari  and  Kistna,  may  be  due  to  the  rise 
of  the  Indian  Peninsula  in  posttertiary  times  having  been,  as  already 
suggested,  greater  or  more  rapid  to  the  westward  than  to  the  eastward. 

Partly  in  consequence  of  mammalian  bones  having  been  discovered  in 
considerable  quantities,  and  partly  because  the  geology  of  the  neighbour- 
ing country  is  of  so  much  interest  and  variety  as  to  have  attracted  the 
notice  of  many  geologists,  the  alluvial  deposits  of  the  Narbadi  valley  have 
received  far  more  attention  than  similar  formations  on  the  banks  of  the 
other  Indian  rivers.^     The  great  plain  already    mentioned   as    extending 
from  Jabalpur  to  Hardi  is  chiefly  composed  of  a  stiff,  reddish,  brownish 
or  yellowish  clay,  with  numerous  bands  of  sand    and  gravel  intercalated. 
Kankar  abounds  throughout  the  deposit,  and   pisolitic  iron  granules  are 
of  frequent  occurrence  in  the  argillaceous  beds.     Occasionally  pebbles  and 
sand  are  found  cemented  together  by  carbonate  of  lime,  so  as  to  form  a 
hard  compact  conglomerate.     This  rock  is  especially  developed  at  the  base 
of  the  alluvial  deposits,  and  is  often  found  forming  a  coating  to  the  under- 
lying rock,  not    only  in  the   Narbadi   but   in  many    other  river   valleys. 
The  clay  is  frequently  quite  devoid  of  stratification^  but  it  appears  never 
to  attain  any  great  thickness  without  sandy  layers  intervening.     The  river, 
in  many  places,  cuts  through  the  clays,  sands,  and  gravels  to  the  under- 
lying rock,  usually  belonging  to  the  transition  series,  and  the  section    of 
old  alluvial  deposits  on  the  banks  of  the  stream  never  greatly  exceeds  loo 
feet  in  depth,  this  being  about  the  usual  difference  in  elevation  between 
the  bed  of  the  Narbadi  and  the  general  surface  of  the  alluvial  plain  in  the 
neighbourhood  of  the  river.    But  in  a  boring  which  was  made  at  Sukakheri, 
north  of  Mohpini  and  south  of  the  Gddawclri   station  on  the  Great  Indian 
Peninsula  Railway,  a  depth  of  491  feet  was  attained,  without  the  base  of 
the  alluvial  deposits  being  reached ;   another  bore-hole  was  made  through 
alluvial  beds  close  to  Gadawiri  station  to  a  depth  of  251  feet.     Through- 
tDut    the    thickness  of   nearly    500   feet,  no  change  of  importance    was 
detected  in  the  alluvial  formations.     By  far  the  greater  portion  of   the 
beds  traversed  consisted    of  clay  with  calcareous  and  ferruginous  grains^ 
sand    and    pebbles    being    found    occasionally    throughout.    The   bottom 


•  For  description  of  the   Narbad^  alluvial 
deposits     see     Mtmoirs,     II,     279,     (i860); 


VI,  227,(1869);    Records,    VI,    49,  (1873); 
VIII,  66,  (1875). 
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of  the  bore-hole  was  in  lateritic  gravel,  and  it  is  possible  that  rock  was  not 
far  distant. 

The  evidence  thus  obtained  of  the  depth  to  which  the  alluvial  deposits 
of  the  Narbad^  valley  extend  proves  that  they  fill  a  rock  basin,  for  the  bed 
of  the  Narbadi  river,  at  the  point  where  it  leaves  the  alluvial  plain  near 
Handii  and  commences  to  run  through  the  rocky  channel  which  extends  to 
Bdi  wai,  is  not  more  than  200  feet  below  the  level  of  the  surface  at  Gdda- 
wdr^  and  Sukakheri,  and  the  valley  is  surrounded  by  higher  rocky  ground 
in  every  other  direction.  A  slight  prolongation  of  the  alluvial  basin  to  the 
south-west  in  the  direction  of  Hardi,  the  prevalence  of  alluvium  in  parts 
of  Nimir,  and  the  circumstance  that  there  is  a  great  break  by  which  the 
railway  traverses  the  Seitpura  range,  immediately  east  of  Asirgarh,  may 
indicate  that  the  upper  Narbadci  formerly  joined  the  Tilpti  in  KhcLndesh,* 
and  that  the  lower  part  of  the  valley  of  the  former  river,  as  it  now  exists, 
is  due  to  changes  of  level  in  the  later  posttertiary  period. 

The  surface  of  the  Narbadi  alluvium  is  undulating,  and  evidently 
denuded  by  the  action  of  rain  and  streams.  There  is  a  slight  slope  of  the 
surface  to  the  westward  throughout  the  plain,  the  elevation  of  the  railway 
station  at  Hardd,  at  the  western  extremity  of  the  alluvial  tract,  being  947 
feet  above  the  sea,  whilst  Sohagpur  station  is  1,103  f^^*»  Narsinghpur 
1,185,  and  Jabalpur,  which  is,  however,  on  rock  a  little  above  the 
plain  ^, 35 1.  The  fall  of  the  surface  in  200  miles  is  probably  about  3:0 
feet 

Different  views  have  been  put  forward  as  to  the  marine,  lacustrine, 
or  fluviatile  origin  of  the  Narbadi  alluvial  deposits,  but,  before  considering 
these,  it  will  be  well  to  give  a  list  of  the  organic  remains  hitherto  identified. 
They  consist  of  bones  and  shells,  and  the  following  species  have  been 
determined  : — 


VERTEBRATA.' 


Mammalia— 

Ursus  namadtcus, 
Buhalus  palifindtctts, 
Leptobosfraseri, 
Bos  nam  adieus. 
Ce*vus  (?  duvaucelli), 
Sifs,  sp. 

Hippopotamus  palcpindicus. 
„  namadicus. 

t  Equus  namadicus. 


Mammalia  , — con  td. 

Rhinoceros  unicornis. 

Elcphas  namadicus, 
t  M     insignis, 

t  >i     ganesa, 

Reptilia— 

Pa  ngsh  u  ra  flaviventris, 
Batdgur,  cf.  dhong)ka. 
TrionyXi  cf.  gangetius. 
Crocodilus,  sp. 


*  The  greatest  elevation  on  the  G.  I.  P. 
Railway  between  the  Narbadd  and  T^pti 
valley,  is  1,245  feet  above  the  sea,  or  only  300 


Narbadd. 

'  Lydekker,  Pal,    Tndiea^   series    x,    lit, 
{1884-86).     The  species  marked  with  a  dag^ger 


feet  above  Hardd  in   the  alluvial  plain  of  the  ,  are  found  also  in  the  Siwdliks. 
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Gasteropoda-^ 

Melania  tuberculaia» 
Paludina  bengiilensis, 
„         dissimiltM, 

•  Bythinia  cetameopoma* 

•  H        fulchella, 
Bulimus  insularis, 

•  Lymnea  acuminata. 


Planorbis  exustus* 
*  „        comp  essns  ? 

Lamellibrancuiata — 
Unto  corrugatusl  var, 
in  die  us, 

sp.  near  U,  shurtleffianus. 
,,     mnrginoHs. 
Corbicula,  sp.  near  C,  strintelia. 


f* 


t» 


The  only  trace  of  man  hitherto  found  in  these  deposits  consists  of  a 
chipped  stone  scraper  or  hatchet  discovered  by  Mr.  Hacket  in  situ  near 
the  village  of  Bhutra,  eight  miles  north  of  Gidawdrd.*  The  material  is  Vin- 
dhyan  quartzite,  and  the  form  similar  to  that  of  some  of  the  implements 
fo  und  inthe  lateritic  deposits  of  Southern  India,  and  in  the  postpliocene 
formations  of  Europe. 

The  only  form  identical  with  existing  Indian  species  is  Rhinoceros 
unicornis^  originally  described  under  the  name  R.  namadicus^  but  accord- 
ing to  Mr.  Lydekker  the  bones  are  not  distinguishable  from  those  of  the 
living  species,*  Elephas  namadtcus  is  allied  to  the  existing  Indian  ele- 
phant|  Bubalus  palasindicus  is  very  close  to  the  living  Indian  wild  buffalo 
and  the  deer  is  a  near  relation  to,  if  not  identical  with,  the  birasingha 
{Cervus  duvaucelli).  On  the  other  hand,  Elephas  insignis  and  Hippo^ 
potatnus  namadicus  belong  to  extinct  subgenera,  the  first  being  found, 
and  the  latter  represented  by  a  nearly  allied  species,  in  the  pliocene  SiwcHik 
rocks.  Hippopotamus  palasindicus  and  Bos  namadicus  are  not  nearly 
allied  to  any  Indian  living  species,  the  first  belongs  to  a  genus  now  only 
found  in  Africa,  whilst  the  second,  although  having  some  characters  in 
common  with  the  living  wild  cattle  of  India,  Bos  (Bibos)  gaurus^  differs  from 
the  latter  in  many  important  particulars,  and  appears  to  be  quite  as  closely 
connected  with  true  taurine  oxen  belonging  to  the  type  of  Bos  taurus. 
Bos  namadicus y  indeed,  cannot  be  classed  in  the  subdivision  Bibos.  The 
relations  of  the  remaining  mammals  are  less  distinctly  made  out,  the  speci- 
mens on  which  the  species  are  founded  being  for  the  most  part  fragmentary. 

The  only  reptile  clearly  identified  is  Emys  tectum,  which  is  considered 
identical  with  a  living  Indian  fornfi.  It  is  very  singular  that  only  frag- 
mentary remains  of  crocodiles  occur,  for  they  abound  in  the  Siwdlik 
rocks  and  a  species  is  common  in  the  Narbadd  at  the  present  day.  The  mol- 
losca  appear  to  be  the  same  as  species  now  living  in  the  area,  and  all  the 


>  Memoirs,  II,  284,  (i860) ;  Reeordt^  VI, 
54i  (^^3)*  '^^^  nomenclature  in  this  list 
is  that  adopted  in  the  first  edition  o!  the 
Manual.  The  species  marked  with  an  asterisk 
are  not  determined  with  certainty,  no  speci- 


mens having  been  preserved  in  the  Geological 
Museum. 

•  Records,    VI,  49.  (1873) ;  two   figures  of 
the  implement  are  given. 

•  Pal  Indica,  series  x,  I,  p.  viii,  (1880). 
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commonest  forms  now  known  to  occur  in  the  river  valley  are  represented.  * 
except  some  minute  species  of  land  shells.  Their  absence  is  not  surpris* 
ingy  because  land  shells  for  the  most  part  float,  when  washed  away,  and 
are  left  on  the  surface,  where  they  decompose,  instead  of  being  preserved 
in  alluvial  deposits. 

The  examination  of  the  molluscan  remains  in  the  Narbadcl  clays  and 
gravels  completely  disproves  the  idea  of  a  marine  origin,  but  it  has  been 
considered  by  some  observers  that  the  deposits  are  lacustrine.*  This  view 
was  principally  based  upon  the  uniform  appearance  of  the  clay  and  the 
absence  of  stratification.  But  this  very  uniformity  and  want  of  strati- 
fication are  common  characters  of  undoubted  river  deposits,  and  may  be 
observed  on  the  banks  of  most  large  streams,  whilst  the  frequent  deposi- 
tion of  pebble  beds  throughout  the  clays  could  not  have  taken  place  in 
the  still  waters  of  a  large  lake.  The  bones  too  are  isolated  and  broken, 
sometimes  even  being  rolled,  whereaj.  if  deposited  in  a  lake,  different 
bones  would  in  all  probability  be  found  together,  because  away  from  the 
margin  there  could  be  no  current  in  the  lake  of  sufficient  force  to  trans- 
port bones  divested  of  flesh,  and  any  mammalian  remains  deposited  in 
the  bottom  of  the  lake  must  be  derived  from  floating  carcases  or  portions 
of  carcases.  Moreover,  the  Chelonia  and  fresh  water  mollusca  are  all 
forms  which  inhabit  either  rivers  or  shallow  marshes  in  river  valleys,  and 
it  is  improbable,  if  so  great  a  change  took  place  in  the  area  as  would 
be  involved  in  the  replacement  of  lakes  by  a  river  valley,  that  a  greater 
difference  would  not  be  produced  between  the  tortoises  and  fresh  water 
shells  formerly  inhabiting  the  waters  and  those  still  living. 

The  fact  of  the  alluvial  formation  occupying  a  rock  basin  shows, 
however,  that  a  considerable  upheaval  of  land  must  have  taken  place  to 
the  westward,  and  it  is  possible  that  this  upheaval  may  for  a  time  have 
given  rise  to  a  lake,  and  the  lower  beds  may  consequently  be  lacustrine 
even  through  those  from  which  the  fossils  were  obtained  are  alluvial.  If 
the  Narbadi  has  really  been  diverted  from  its  original  course  as  suggested 
above  this  could  only  have  happened  through  a  movement  of  elevation 
sufficiently  rapid  to  pond  back  the  drainage  and  produce  a  lake. 


The  alluvial  plains  of  the  TApti  valley  require  but  brief  notice.'     In 


'  The  only  exception  of  any  importance 
is  Melanxa  spinulosa^  but  that  is  not  by  any 
means  so  generally  distributed  a  form  as 
M.  tuberculata.  The  absence  in  the  Narbadd 
deposits  of  Melania  variabilis  and  M.  spinu- 
losa^  the  latter  of  which  is  included  in  Mr. 
Theobald's  lists  of  living  Narbadi  species 
{Memoirs,  11,  287),  was  noticed  by  Dr.  Fal- 
coner,  Quart,  your.  Ceol.    Soc,    XXI,    382, 


(1865) ;  but  it  is  extremely  doubtful  whether  if. 
variabilis  does  exist  in  the  Narbadd  valley  or 
its  neighbourhood.  The  occurrence  of  J/, 
/yra/a  included  in  Mr.  Theobald's  list,  loc,  cit., 
is  also  very  doubtful. 

'  Memoirs,  II,  283,  (i860). 

•  For  a  few  additional  details,  see  Memoirs^ 
VI,  276,286,(1869);  and  Wynne,  Reeords, 
n,  1,  (1869). 


/ 
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their  principal  characters  they  resemble  the  Narbadi  plain,  but  the  depth  of 
the  deposits  is  unknown,  no  deep  borings   having  been  made.     As  in  the 
Narbadd  valley,  the  river  now  runs  at  a  considerable  depth  below  the  alluvial 
plain  and  is  evidently  cutting  its  channel  deeper.     The  whole  basin  is  com- 
posed of  the  Deccan  trap,  and  the  Tdpti  cuts  its  way  out  to  the  westward 
through  the  same  formation.     No  remains  of  mammalia  have  hitherto  been 
detected  in  the  alluvium,  but  they  will  probably  be  found  if  sought  after; 
the  few  mollusca  found,  as  in   the  Narbadd  plain,  belong  to  recent  fresh 
water  species  inhabiting  rivers. 

The  difference  in  elevation  between  the  Tdpti  and  Purna  plains  is  not 
accurately  known,  nor  are  the  levels  of  different  parts  of  the  plains  well 
determined,  the  only  data  available  being  those  furnished  by  the  railway. 
The  height  above  the  sea  at  Bhusdwal,  just  south  of  the  alluvial  flat,  near 
ttie  eastern  extremity  of  Kh^ndesh,  is  677  feet.  This  cannot  be  much 
SM.  fiove  the  flood  level  of  the  Tdpti  river,  for  the  rail  level  at  the  bridge  over 
tlie  Tdpti,  only  about  six  miles  distant,  is  685  feet.  At  Malkapur,  close  to 
t_l-ie  western  extremity  of  the  Purna  alluvial  plain,  the  level  is  816  feet,  at 
kola  917,  at  Murtazdpur  986,  and  at  Badnera  south  of  Amraoti,  1,093. 
he  last  locality,  however,  is  some  miles  distant  from  the  south-eastern 
<]ge  of  the  alluvium,  and  none  of  the  railway  stations  are  out  in  the  allu- 
ial  plain,  as  in  the  Narbadd  valley. 

The  only  peculiarity  of  the  Purna  alluvia!  deposits,  which  deserves  notice, 

s  the  occurrence  of  salt  in  some  of  the  beds  at  a  little  depth  below  the  sur- 

ce.     Throughout  an  area  more  than  30  miles  in  length,  extending  from  the 

^ighbourhood  of   Dahihdnda  (Dhyanda),  north  of  Akola,  to  within  a  few 

lies  of  Amreloti,  wells  are  sunk  for  the  purpose  of  obtaining  brine  in  several 

laces  on  both  sides  of  the  Purna  river.     The  deepest  wells  are  about  120 

et  deep.     They  traverse  clay,  sand  and  gravel,  and  finally,   it  is  said,  a 

iind  of  gravelly  clay,  from   which   brine    is    obtained.     No  fossils  have 

een  found  in  the  clay  and  sand  dug  from  the  wells.     The  occurrence  of 

^It  in  the  alluvial  deposits  of  India  is  not  uncommon,  and  it  is  impossible 

o  say,  without  further  evidence,  whether  it  indicates  the  presence  of  marine 

eds.     The  absence  of  marine  fossils  in  all  known  cases  is  opposed  to  any 

s.uch  conclusion,  but  still  it  is  not  impossible  that  the  land  may  have  been 

w  ,000  feet  lower  than  it  now  is  in  late  tertiary,  or  early  posttertiary  times, 

^nd   this  difference  in  elevation   would  depress  the  I'urna  alluvial  area 

V>eneath  the  sea  level. 

It  has  already  been  mentioned  that  the  alluvial  deposits  of  the  Godavari 

do  not  occur  in  distinct  basins,  like  those  of  the  Narbad^  and  Tdpti.     This 

river  in  general  has  but  a  slight  fall,  and  forms  a  broad  alluvial  plain  where  it 

traverses  softer  beds,  whilst  it  cuts  a  steeper  slope  through  harder  rocks. 

There  is  an  exception  to  the  latter  rule  in  the  gorge  above   Rdjimahendri. 
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Extensive  alluvial  areas  occur  along  the  upper  part  of  the  GoHavari  in  the 
Bombay  presidency  and  the  adjoining  portion  of  the  Nizam's  dominions, 
and  similar  tracts  are  found  on  the  Pengangi,  Wardh^,  and  Watngangi, 
tributaries  of  the  Godavari,  in  Berar,  N^gpur  and  Chdndd. 

The  composition  of  these  deposits  differs  in  no  important  particular 
from  that  of  the  Narbadd  and  Tipti  alluvium.  The  gravels  are  chiefly 
composed  of  rolled  agates  and  fragments  of  basalt  derived  from  ihe  Deccan 
traps,  which  are  the  prevailing  rocks  in  the  upper  part  of  the  valley. 
Silicified  fossil  wood  in  all  sizes  from  small  fragments  up  to  trunks  lo 
and  15  feet  long  ^  is  abundant  along  the  west  margin  of  the  Chikidla  sand- 
stones, from  near  the  Wardhei  to  the  Goddvari  near  Enchapalli,  and  is  found 
less  abundantly  from  here  on  to  Albaka  on  the  Goddvari.  1  he  greater  por- 
tion of  the  alluvium  in  all  cases  consist  of  brown  clay  with  kankar.  In  the 
Wardhd  valley  beneath  the  clay  and  calcareous  conglomerates  some  fine 
sandy  silt,  light  brown  or  grey  in  colour,  occurs  west  of  Chdndi,  and 
contains  salt,  with  a  considerable  proportion  of  sulphate  of  magnesia  • 
(Epsom  salts). 

Mammalian  bones  have  been  found,  sometimes  it  is  said  in  large  num- 
bers, in  the  Goddvari  valley,  but  very  few  appear  to  have  been  preserved, 
and  the  only  species  identified  is  Elefhas  namadicus}  Bones  of  Bos  and 
other  animals  occur,  and  it  appears  probable  that  the  fauna  is  similar  to 
that  of  the  Narbadd  valley.  From  the  gravels  near  Mungi  and  F*aitan 
(Pytiin)  on  the  road  from  Ahmednagar  to  Jdlna,  Mr.  Wynne  obtained  an 
agate  flake,  *  apparently  of  human  manufacture,  thus  affording  a  second 
instance  of  traces  of  man  occurring  in  the  pleistocene  river  gravels  of 
the  Peninsula. 

The  most  important  localities  at  which  bches  have  been  observed  are 
the   neighbourhood    of    Mungi  and    Paitan  already  mentioned,  and  one  or 
more  places  on   the   Pengangd  or  its  tributaries  in  the  neighbourhood  of 
Hingoli.*     At  one  spot   near  Hingoli  bones  are  said  to  have  been  found  in 
immense  quantities,  but  unfortunately  they  were  not  preserved. 

The  valley  of  the  Kistna  resembles  that  of  the  Godavari  in  many 
respects.  There  are  similar  plains  of  alluvial  clav  w  ith  beds  of  sand,  gravel 
and  calcareous  conglomerate,  but  none  of  these  plains  appear  to  be 
of  great  extent.  Beds  of  gravel  have  been  observed  in  many  places  at  a 
height  of  60  to  80  feet  above  the  present  course  of  the  river  and  its 
tributaries.® 


»  W.  King,  Memoirs,  XVIIl.  298,  (1881). 
'  Huijhes  Memoirs,  XIII,  92,  (1877). 

•  Falconer,  Quart.  Jour.  GeoL  Soc,  XXI,  381, 
(1865),  Memoirs,  VI,  232,  (1869). 

*  For  a   description  by    Dr.  T.  Oldham  and 
figures,  see  Records,  I,  65,  (1868). 

»  Capt.  O.  W.  Gray,    Mad.  Jour,  Lit.  Sci., 


VII.  477,  (1838);  Carter,  on  the  authority 
of  Dr.  Bradley,  Jour.  Bo.  Br.  Roy.  As,  Soc, 
V,  304.  (1854) ;    Newbold,  Jour.  R,y.  As.  Soc. 

VIII,  246,  (1846).  See  also  Memoirs,  VI,  23?, 
(1869). 

•  Newbold,  Jour.  Roy.  As.  Soc,  VIII.  247, 
(1846};  Foote,  Memoirs,  XIl,  237,  (iSjS). 
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The  only  impoitant  maitimalian  remains  hiihcrlo  found  in  the  alluvial 
deposits  of  the  Kistna  and  its  tributaries  consist  of  portions  of  the  cranium 
and  mandible  of  a  Rhinoceros,  and  some  bovine  teeth  and  jaws,  found  on 
the  Gatparba  near  the  town  of  Gokdk.^  The  bovine  remains  have  not 
been  determined  but  the  Rhinoceros  has  been  tles^ribed  under  the  name 
of  /?.  deccanensis  by  its  discoverer,  Mr.  Foote  ; "  the  species  differs  widely 
from  all  livinj,'  forms,  and  does  not  appear  to  be  very  nearly  connected 
with  any  known  fossil  Indian  species.  Some  fresh  water  shells  of  living 
species  were  found  with  the  bones. 

it  was  probably  from  some  part  of  the  upper  drainage  area  of  the  Kistna, 
also,  that  Colonel  Sykes  obtained  the  teeth  of  a  trilophcdont  Mastodon 
described  by  Falconer  *  under  the  name  of  M.  pandionis. 

Large  numbers  of  chipped  quartzite  implements  of  human  manufacture, 
and  belonging  to  the  same  type  as  that  discovered  in  the  Narhadi  alluvium, 
have  been  found  in  various  gravels  in  the  southern  Mai^thd  country  on  the 
Malparba  and  other  affluents  of  the  Kistna.*  The  relations  between 
the  ossiferous  gravels  and  those  containing  the  implements  are,  however, 
somewhat  obscure. 

Nothing  of  importance  is  known  concerning  the  older  alluvial  deposits 
of  the  remaining  rivers  in  the  Indian  peninsula. 

It  is  in  the  Mahdnadf,  Kistna,  and  Penner  valleys  that  the  principal 
diamond  gravels  are  found,  frequently  at  heights  considerably  above  the 
present  stream  level.*  The  pebbles  in  the  gravels  are  composed  of  various 
kinds  of  metaniorphic  and  transition  recks. 


Throughout  the  east  coast  of  the  Peninsula,  from  the  delta  of  the  Ganges 
to  the  neighbourhood  of  Cape  Comorin,  with  the  exception  of  a  few  miles 
near  Vizagapatam,  there  is  a  belt  of  alluvial  deposits,  varying  greatly 
in  breadth,  but  nowhere  exceeding  about  fifty  miles.  In  places  the  hills 
approach  the  sea,  leaving  only  a  comparatively  narrow  belt  of  sandy  fore- 
shore, as  south  of  the  Chilkd  lake  in  Orissa  and  again  near  Pondicherri, 
whilst  broad  alluvial  plains  extend  inland  for  many  miles,  near  the  mouths 
of  the  great  rivers  Mahinadf,  Godivari,  Kistna,  Cauvery,  etc.,  where  there 
is  actually  a  slight  projection  beyond  the  general  coastline,  owing  to  the 
quantity  of  sediment  deposited,  although  the  strong  currents  which  sweep 
up  and  down  the  coast  prevent  any  great  seaward  extension  of  the  deltas. 
'\o  the  northward  the  east  coast  alluvium  joins  the  older  alluvial  de- 
posits on  the  western  side  of  the  Ganges  delta,  and  the  tAO  resemble  each 
other  closely  in  mineral  characters.     The  coast  alluvium  consists  chiefly  of 


»  Memoirs,  XII.  232,  (1876). 
'  Pal.  /«</.,  series  x,  I,  pt.  i,  (1874). 
•  Palxontological  Memoirs,  London,    1868, 
1,  124. 


*  Foolc,  Memoirs,  XII,  241,  (1876). 

*  NewbolJ,    Jour,    Hoy,  As.  Soc,  VIF,   226, 

(i853j. 
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clays  with  kankar  and,  near  the  hills,  pisolitic  nodules  of  iron  |>eroxidc,  the 
latter  being  in  places  sufliciently  abundant  to  render  the  deposit  a  kind  of 
laterite  gravel.  Gravels  and  sand  also  occur,  frequently  more  or  less 
mixed  with  ferruginous  concretions,  and  there  is,  in  many  localities,  an 
apparent  passage  between  the  ferruginous  gravel  of  the  alluvium  and  the 
low  level  form  of  laterite,  but  in  other  places  this  older  alluvium  rests  un- 
conformably  upon  the  low  level  laterite,  which  has  been  shown,  by  the 
occurrence  of  palaeolithic  implements,  to  be  itself  of  posttertiary  age. 

The  surface  of  the  coast  alluvium  is  usually  quite  fiat  near  the  sea  and 
in  the  river  deltas,  but  towards  the  hills  it  is  more  uneven,  and  the  surface 
has  undergone  a  considerable  amount  of  denudation,  evidently  from  being 
at  a  higher  level. 

At  Madras  and  Pondicherri,  shells  belonging  to  recent  species  have 
been  found  at  depths  of  from  5  to  20  feet  beneath  the  surface,  or  con- 
siderably above  the  present  sea  level.  Faither  south  also,  near  Porto  Novo 
in  the  lower  valley  of  the  Vellar,*  a  bed  of  estuarine  shells  is  found  above 
the  present  flood  level  of  the  river,  and  consequently  at  a  considerable 
height  above  the  sea  Similar  deposits  of  shells  have  also  been  noiiced 
near  Cuddalore  and  Tanjore.* 

The  shells,  as  a  rule,  are  estuarine  forms,  such  as  now  live  in  the  creeks 
and  backwaters  of  ihe  coast,*  but  in  se\'eral  cases  true  marine  species  have 
been  found.  The  subfossil  shells  near  Madras  are  so  abundant  in  places 
that  they  have  been  collected  for  burning  into  lime. 

Another  place  where  estuarine  shells  have  been  observed  is  close  to 
the  ChUkel  lake  in  southern  Orissa.  The  forms  found  vvere  Cytherea  casla 
and  Area  granosa,  and  the  deposit  containing  the  shells  is  now  at  elevations 
of  from  20  to  30  feet  above  the  level  of  the  highest  tides. 

The  thickness  of  the  alluvium  has  been  tested  at  Madras  by  a  boring 
which  went  through  it,  and  struck  the  crystalline  rocks  at  55  feet  from  the 
surface.*  Further  south,  at  Pondicherri,  the  thickness  of  the  alluvium  is 
much  greater,  one  boring  having  been  put  down  550  feet  without  reaching 
its  base.  The  alluvial  deposits  of  Pondicherri  are  both  interesting  and  im- 
portant, in  that  they  yield  a  supply  of  artcrsian  water  at  various  depths  below 
the  surface,*  and  in  one  boring,  at  Bahur,  a  bed  of  lignite,  10-65  m.  (35  feet) 
in  thickness,  was  struck  at  a  depth  of  73*38  m.  (240  feet)  from  the  surface.^ 
The  lignite  is    too  impure  to  be  of  commercial   importance,  but  since   it 


>  H.  F.  nianft>rd,  Memoirs,  IV,  192,  (1863). 
«  King  and  Foote,  Memoirs,  IV,  254,  (1864) 
*  The  following  are  ths  most  characteristic 
species.  They  are  seldom,  if  ever,  found  in 
the  open  sea,  but  they  are  always  aiet  with  in 
backwaters,  and  at  the  moaths  of  rivers,  and 
many  of  them  occur  in  creeks  of  deltas  near 
the  ^^^'.—Potamide$  telescopittm,    P.  fiuvio' 


tiliSf   Area  granosa,    Cythera  casta,  C.  mere- 
triXf  Ostrea,  a  large  species. 

*  Newbold,  ^Tour.   Roy.  As,  Soc,  VIII,  248, 
(1846). 

*  For  details  seeW.  King,  Records,  XI II,  113, 
194,  (1880). 

*  Geological  Survey,  MS.  RcCs>rds. 
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must  have  been  formed  at  or  near  the  surface,  it  is  interesting  as  evi- 
dence of  an  amount  of  subsidence  corresponding  to  the  depth  at  which  it 
was  found  beneath  the  surface. 

Evidence  of  subsidence  to  a  less  degree  is  again  found  in  a  submerged 
forest  at  the  western  end  of  Vdlimukam  bay  in  the  Tinnevelli  district.  1  he 
forest,  or  rather  so  much  of  it  as  can  be  seen,  is  described  as  about  half  an 
a.ore  in  extent,  ly^'ng  at  or  just  below  high  water  mark  ;  the  stumps  have 
St  ciiameter  of  one  to  one  and  a  half  feet  at  the  base  of  the  hole,  and  are 
surrounded  by  black  mud  containing  remains  of  twigs  and  detached 
branchesi,  An  incised  bone  pendent  was  found,  which  appeared  to  have 
fc»^€n  washed  out  of  this  mud,  showing  that  the  forest  flourished  since  the 
a.cJ  vent  of  man. 

The  trees  of  this  forest  could  hardly  have  flourished  at  sea  level 
or  on  the  ccast,  so  that  there  has  certainly  been  some  subsidence  in 
this  neighbourhood,  but  indications  of  a  contrary  movement  are  found  close 
hy  irk  the  occurrence  of  Pot  amides  and  other  littoral  marine  shells  in  clay 
above  high  water  level,  showing  that  this  clay  must  have  been  elevated 
since  it  was  formed.* 


Before  proceeding  to  the  description  of  the  recent  accumulations  on  the 
west  coast  of   the    Peninsula   it   will    be    well   to    notice  the   remarkable 
smooth    water   anchorages    of  Aleppi    and    Narakal.      These   are    mud 
ban  Ics  of  about  four  miles  in  length,  whose  position  varies  in  the  course  of 
y^««rs  within  the   extreme  limits  of  about  eleven  miles.     Ihe  sea  bottom 
o^     tiliese    banks   is  composed  of  a  very  soft  mud,   Which    readily  mixes 
^'th    the   sea    water,   and  smooth    water  can  always  be  found  over  the 
n^ud     banks,  though   open    to  the    full    force  of  the   south-west  monsoon, 
however   tempestuous    the   sea  outside  may   be.       It   was    this    peculia- 
^^^y    -which  first  attracted  attenfrion,  and  rendered  them  important  to  the 
navigators  of  a  coast  where   there  arc  no   sheltered  harbours,  and   the 
^^^cmnts    which    have    been    written    from   time   td    time     constitute    a 
^ol^r^ljly  extensive  literature.'     According  to  the  most  recent  investigation 
^*   tilie  subject,  these  smooth  water  anchorages  owe  their  origin  to  a  bed  of 
^^^y  soft,  fine  grained,  greenish  clay,    containing  foraminiferae  and  diato-^ 
*^^<^^3e,  which  underlies  the  soft  recent  sandstones  of  the  surface   of  the 
*^^*"*"ow  strips  of  land  separating  the  sea   from  the  backwaters  of  Travan- 
^^^^  and  Cochin.     When  the  water  level  in  these   backwaters   is  raised 
y      the    monsoon    rains,  this    mud    is  forced  outwards,  and  rises  in  cones 
^nd    i-idges  along  the  shore  and   under  the   sea,  and   once  it  has  become 


*  ^Oote,  Memoirs,  XX,  %  (18^3). 
^«^    '^  good  account  of  these  mud  banks  by  Dr. 
^     *   *^»ng   is   published   in  Records,  XVII,  14, 

^^^^,  where  an  account  of  the  previous  liter- 


ature will  also  be  found.  A  more  recent  in* 
vesti^ation  by  Mr.  Lake  is  printed  in  Records, 
XXIII.  41,  (1890). 
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thoroughly   mixed  with    the  sea  water   the  waves  of   the  open  sea  are 
smoothed  off  and  reduced  in  size  over  the  mud  banks. 

'J  his  result  appears  to  be  due  to  two  separate  causes.  In  the  first  place 
the  mud  contains  an  appreciable  proportion  of  oily  matter,  and  the  action 
of  oil  in  stilling  stormy  waters  is  now  well  knowni  but  the  second  cause 
•appears  to  be  much  the  more  important.  The  large  quantity  of  impalpable 
mud  mixed  with  the  water  increases  its  density,  and,  consequently,  the 
waves,  on  entering  this  denser  water,  decrease  in  size  and  are  retarded. 
Moreover,  as  the  proportion  of  mud  is  much  less  at  the  surface  than  lower 
down,  the  lower  part  of  the  wave  is  retarded  more  than  the  upper,  and  the 
wave  may  actually  break  if  the  increase  in  density  be  sufficiently  rapid, 
or  merely  be  obliterated  if  it  is  sufficiently  gradual.  This  action  is 
intensified  by  the  large  amount  of  fresh  water  falling  on  the  sea  as  rain  and 
poured  out  by  the  rivers,  which  floats  on  the  surface  in  such  quantities  that 
ships  may  often  replenish  their  stock  of  fresh  water  by  dipping  over  the 
side  of  the  vessel  with  a  bucket.  It  is  doubtless  due  to  the  greater  density 
of  the  deeper  layers  of  water,  owing  to  the  smaller  proportion  of  salt  and 
mud  in  the  up(jer  layers,  and  the  consequent  retardation  of  the  lower 
portions  of  the  larger  waves  that  they  are  broken  up,  while  the  film  of  oil 
derived  from  the  mud  causes  the  smaller  wavelets  to  be  smoothed  off. 


There  is  nt)  such  continuous  plain  of  alluvium  along  the  western  shore 
of  the  Peninsula  as  on  the  east  coast.  The  ground  between  the  Sahyadri 
range  and  the  sea.  where  not  hilly,  consists  gene:  ally  of  a  gentle  slope 
towards  the  coast,  composed  of  rock,  covered  in  many  places  by  laterite. 
The  coast  itself  is  rocky  in  parts,  and  the  alluvial  deposits  are  chiefly 
confined  to  the  neigiibourhood  of  the  small  streams,  which  run  from  the 
Western  Ghdts  to  the  sea,  or  of  the  backwaters,  or  lagoons,  which  have 
been  cut  off  by  banks  of  sand  along  the  coast.  The  backwaters  are  of 
considerable  extent  in  Travancore  and  Malabar,  but  they  are  wanting 
farther  north  and  on  the  coast  of  the  Bombay  presidency.  The  alluvial 
valleys  between  the  hills  are  unimportant  south  of  Bombay  itself,  although 
they  gradually  increase  in  extent  to  the  northward. 

Alluvial  plains,  evidently  of  comparatively  recent  formation,  connect 
the  hills  of  Bombay  and  Salsette  island,  a  few  creeks  alone  remaining 
to  show  the  position  of  the  marine  channels  which  formerly  existed.  Farther 
north  these  plains  gradually  increase  in  extent,  until  they  merge  into 
the  alluvial  flat  of  Gujar4t. 

At  Bombay  the  alluvial  deposits  consist  of  blue  and  yellowish  brown 
clay.  The  former  varies  in  thickness  from  a  few  inches  to  several  feet,  its 
upper  surface  being  at  present  about  one  or  two  feet  below  high  water 
level,  it  is  very  salt,  and  contains  small  grains  and  nodules  of  kankar,  and 
occasionally  plates  of  gypsum  ;  it  is  frequently  penetrated  by  mangrove 
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roots,  which  are  usually  riddled  by  Teredo  borings,  just  as  in  the  mud  of 
tidal  creeks,  and  at  one  spot  large  masses  of  oyster  shells  have  been  found 
in  it.  The  yellowish  brown  clay  appears  to  be  the  older  of  the  two  deposits. 
Its  surface  is  frequently  above  the  sea  level,  it  abounds  in  larger  masses 
of  kankar,  and  it  has  occasionally  yielded  estuarine  shells,  Placuna 
Ostrea,  etc.  That  these  alluvial  deposits  are  estuarine,  and  precisely 
similar  to  the  wud  now  deposited  in  the  creeks  and  backwaters  of  the 
coast,  or  on  the  shores  of  Bombay  harbour,  is  shown  by  the  similarity 
of  mineral  character  and  by  the  organic  remains,  both  vegetable  and 
animal,  found  in  the  clayJ 

Some  very  interesting  indications  of  subsidence  were  found  in  the  ex- 
cavation of  the  Prince's  dock  at  Bombay.  A  large  number  of  tree  stems 
and  roots  were  found  in  the  blue  clay,  many  in  the  position  in  which  they 
originally  grew  and  some  of  the  slumps  were  30  feet  below  high  water 
level.  The  evidence  of  subsidence  here  is  unmistakeable.  but  the  littoral 
concrete,  seen  on  the  west  side  of  the  island,  must  have  been  formed  at  a 
lower  level  than  it  now  stands  at.  The  elevation  on  one  side  of  the  island 
and  depression  on  the  other  could  not  have  been  contemporaneous,  so  that 
we  have  clear  proof  of  oscillations  of  level  similar  to,  but  of  greater  extent 
than,  those  Dr.  Buist  recognised  many  years  ago.* 

It  is  evident  that  Bombay  harbour  is  the  last  remaining  inlet  out  of 
many  which  formerly  indented  the  Bombay  coast,  and  that  this  harbour 
is  gradually  silting  up  and  being  converted  into  dry  l^nd.  The  process 
however,  is  slow,  and  it  may  be  ages  before  its  progress  is  such  as  to 
affect  the  trade  of  Bombay,  but,  unless  depression  takes  place  in  the  area, 
or  means  are  devised  for  checking  the  deposition  of  mud,  there  can  be 
no  question  of  the  ultimate  result.  Except  at  Bombay,  little  has  been 
recorded  concerning  the  alluvium  of  the  western  coast  south  of  Damin, 
and  that  little  presents  no  features  of  interest. 

In  the  neighbourhood  of  the  rivers  Tdpti  and  Narbadi  there  is,  how- 
ever, a  broad  and  fertile  alluvial  plain'  near  the  sea,  resembling  in 
some  of  its  features  the  alluvium  of  the  east  coast.  Commencing  to 
the  southward  near  Damin,  this  plain  covers  the  greater  portion  of  the 
Surat,  Broach,  and  Ahmadabid  districts,  and  continues  as  far  as  the  Kann, 
where  it  joins  the  area  of  recent  deposits  connected  with  the  Indus  valley. 
Near  Surat  this  plain  is  about  30  miles  in  breadth,  and  near  Baroda  it  is 
60  miles  wide. 

The  alluvium  of  eastern  Gujarit  consists  of  brown  clays  with  kankar, 
resting  upon  sands  and  sandy  clays  with  occasional  gravels.     The  surface 

"Buist,    Trans,  Bom.   Geog,  Snc,   X,    181,  [     '  Trans.  Bo,  Geog.,  Soc.,  X,  177,  (1857). 
(1852):    Carter,  Jour.  Bom.  Br.  Roy  At.  Soe.^  \     *  Memoirs,  VI,    233,(1869);  Records,  I,   309 

IV,  204,  (1853).  ('^^>;  vin  49.  (i«7S). 
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is  co\ered  with  black  soil  to  the  southward,  though  not  in  the  district 
of  Ahmadibdd,  and  is  frequently  flat  over  considerable  areas,  but  in  parts 
of  the  country  the  ground  is  undulating,  evidently  in  consequence  of 
having  been  denuded  by  rain  action.  The  deposits  appear  to  have  been 
chiefly  estuarine  or  marine,  and  have  probably  been  raised,  as  on  the  east 
coast,  but  no  fossils  have  been  found.  The  Gulf  of  Cambay  is  said  to  be 
gradually  silting  up,  and  there  can  be  very  little  doubt  that  it  was  formerly 
part  of  a  broad  inlet  leading  from  the  Rann,  then  an  inland  sea,  to  the 
ocean,  and  that  the  remainder  of  the  inlet  has  been  converted  into  the 
alluvial  plains  of  Ahmadibdd,  Broach,  Surat,  and  north-eastern  Kithiiwir. 

In  north-eastern  Kdthi^w^r,  on  the  borders  of  the  Rann,  there  is  a 
large  alluvial  tract,*  continuous  with  the  alluvium  of  Ahmeddbid,  and 
similar  in  character.  Between  KcLthiiwir  and  Ahmedibdd,  in  the  line  of 
depression  between  the  head  of  the  Gulf  of  Cambay  and  the  Rann  of  Cutch, 
there  still  exists  a  large  shallow  lake  of  brackish  water,  called  the  Nal,  about 
twenty  miles  in  length  by  three  or  four  broad.  In  the  neighbourhood  of 
this  marsh  shells  of  a  form  of  Cetithium  (probably  Potamides  telescopium 
or  P.  fluviatilis)  are  found,  showing  that  estuarine  conditions  have  pre- 
vailed at  no  distant  period,  and  tending  to  confirm  the  probability  that 
the  depression  between  Kdthiiwir  and  Ahmeddb^d  is  an  old  marine  inlet, 
silted  up  in  recent  times.  The  distribution  of  black  soil  in  the  neighbour- 
hood of  the  Nal  will  be  noticed  presently. 

Along  the  south  coast  of  Kdthidwdr  there  is  very  little  alluvium,  its  place 
being  taken  by  a  calcareous  grit,  with  marine  shells,  which  is  evidently  of 
late  formation.  A  glance  at  the  map  will  show  that  this  coast  is  exposed 
to  the  full  action  of  the  currents  which  sweep  along  the  shores  of  the 
Peninsula,  so  that  it  is  unlikely  that  any  accumulation  of  sediment  would 
take  place.  A  patch  of  recent  deposits  has  been  mapped  at  the  western 
extremity  of  the  Kdthiiwir  peninsula,  but  along  its  north-western  coast  the 
Deccan  traps  extend  down  the  sea  shore.  The  belt  of  alluvium  reappears 
in  Cutch,*  where  it  is  from  three  to  ten  miles  broad,  there  being  only  one 
place  where  rocks  come  down  to  the  shore.  This  is  in  the  Gulf  of  Cutch. 
The  alluvial  plain  of  Cutch  consists  of  a  brown  loam,  resting  upon  mottled 
clay,  with  kankar  and  grains  of  quartz. 

An  agglutinated  calcareous  shelly  grit  is  found,  a  little  raised  above  the 
sea  level,  in  several  places  on  the  west  coast  of  India.  This  deposit,  which 
was  called  littoral  concrete  by  Dr.  Buist,*  consists  of  shells,  corals,  pebbles, 
and  sand,  cemented  together  more  or  less  thoroughly  by  carbonate  of 
lime,  and  sufficiently  compact  in  places  to  be  employed  as  an  inferior  kind 


»  Rogers,  Quart,  Jour,  Ceol.  Soe.,  XXVI, 
1 18,  (1870);  F.  Fedden,  Memoirs,  XXI,  130, 
(1884). 


*  Wynne,   Memoirs,  IX,  81,  (1872). 

*  Trans.  Bo.  Geog.  Soc,,  X,  179,  (1852);  Jour. 
Bom.  Br.  Roy.  As.  Soc,  IV,   206,  (1853). 
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of  building  stone.  The  best  known  locality  is  in  Bombay  island,  where  the 
shelly  grit  forms  the  flat  ground  of  the  Esplanade  and  part  of  the  surface 
on  which  the  fort  was  built,  the  same  deposit  is  also  found  at  Mahim  and 
other  places  in  the  island,  resting  sometimes  upon  rock,  but  more  often 
upon  the  blue  alluvial  clay,  described  a  few  pages  back.  The  same,  form- 
ation is  found  to  the  southward  at  Mai  win,*  and  northward  here  and  there 
as  far  as  Damin,  where  it  was  observed  by  Mr.  Wynne,  apparently  in 
process  of  formation.*  Near  Bulsir,  a  little  north  of  Damin,  the  littoral 
concrete  was  observed  to  be  stratified,  the  strata  dipping  at  a  low  angle 
towards  the  sea. 

In  western  KdthiSwdr  the  same  formation  is  much  more  widely  deve- 
loped. It  here  assumes  the  character  of  an  earthy  calcareous  grit,  is 
usually  of  a  dark  ashy  colour,  and  contains  marine  shells  and  corals.  Occa- 
sionally it  attains  a  thickness  of  60  feet,  and  it  rests  unconformably  on 
the  denuded  surface  of  the  miliolite.  The  fossils  found  in  the  calcareous 
grit,  so  far  as  is  known,  are  all  species  now  living  on  the  neighbouring 
coast,  but  no  thorough  comparison  has  ever  been  made. 

There  can  be  very  little  doubt  that  the  shelly  calcareous  grits  of  the 
Bombay  and  Kithidwdr  coast  are  truly  marine,  not  estuarine,  and  that  they 
are  the  result  of  a  littoral  accumulation  of  the  sand  and  pebbles  found  on 
the  shore,  together  with  marine  shells  and  corals.  The  beds  may  have  ori- 
ginally been  sand  spits  or  beach  deposits,  very  little,  if  at  all,  above  high- 
water  mark,  and  consolidated  by  the  cementing  action  of  carbonate  of  lime 
after  being  raised.  In  any  case  there  appears  to  be  evidence  of  a  rise  in 
the  land,  trifling  at  Bombay,  but  greater  in  Kithidwir. 

Indications  of  local  deposits,  supposed  to  have  been  formed  in  lakes 
have  been  noticed  on  the  Nflgiri  hills  of  Southern  India '  and  in  the  southern 
Marithd  country,*  and  have  been  supposed  to  indicate  changes  of  level. 
No  fossils  have  been  found  in  these  deposits,  nor  does  the  evidence  in 
either  case  amount  to  clear  proof  of  the  former  existence  of  lacustrine 
conditions,  although  the  probabilities  are  in  favour  of  this  view. 

It  would  be  beyond  the  scope  of  the  present  work  to  enter  into  the 
question  of  Indian  soils.  Consisting  as  they  do  of  the  surface  of  the 
ground  altered  by  the  action  of  the  air  and  rain,  by  impregnation  with 
organic  matter,  and  by  the  results  of  agricultural  processes,  they  necessarily 
vary  with  every  difference  in  the  underlying  formation,  whether  it  be  one 
of  the  older  rocks  or  of  the  more  recent  unconsolidated  deposits.  There  are, 
however,  two  forms  of  superficial  formations  which,  having  received  repeated 


*  AftmoirSf  XII,  243,  (1876). 

*  Rtcotds,  I,  3^,  (1868), 


«  H.  F.  Blanford,  Memoirs,  I,   243,  (1858). 
*  Foote,  Memoirs.,  XII,  228,  (1876). 
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notice  in  Indian  geological  works,  require  a  few  remarks  to  be  devoted 
to  them,  and  one  of  the  two,  the  regur^  or  black  soil,  is  a  very  remarkable 
substance.  1  he  red  soil  also  requires  notice,  because  it  has  been  so 
frequently  mentioned  in  geological  treatises. 

The  somewhat  ferruginous  soils  common  on  the  surface  of  many 
Indian  rocks,  and  especially  of  the  metamorphic  formations,  would  pro- 
bably never  have  attracted  much  attention  but  for  the  contra^^t  they 
present  in  appearance  to  the  black  soil.  They  have  only  been  noticed, 
as  a  rule,  in  papers  relating  to  the  black  soil  country  in  the  western  and 
southern  portions  of  the  Peninsula.  The  commonest  form  of  red  soil  is  a 
sandy  clay,  coloured  red  by  iron  peroxide,  and  either  derived  from  the 
decomposition  of  rock  in  situ  or  from  the  same  products  of  decomposition 
washed  to  a  lower  elevation  by  rain.  The  term  is,  however,  frequently 
used  in  a  very  vague  sense,  apparently  to  distinguish  such  soils  as  are  not 
black,  and  hence  many  alluvial  soils  may  be  comprehended  under  the 
general  term.  In  very  many  cases,  too,  it  appears  to  have  been  applied 
in  Southern  India  to  thick  alluvial  beds  of  sand  or  sandy  clays,  which 
are  in  fact  ordinary  river  or  rain-wash  deposits. 

The  regnr  of  Peninsular  India,  called  black  soil  from  its  colour,  and 
cotton  soil  from  its  suitability  to  the  cultivation  of  cotton,  occupies  the 
surface  of  a  very  large  portion  of  the  country,  and  Newbold  considers  that 
at  least  one* third  of  Southern  India  is  covered  by  it.  The  name 
is  a  corruption  of  the  Telugu  regada^  or  of  cognate  words  in  affined 
languages.  * 

Kegur,  in  its  most  characteristic  form,  is  a  fine  dark  soil,  which  varies 
greatly  in  colour,  in  consistence,  and  in  fertility,  but  preserves  the  constant 
characters  of  being  highly  arg'llaceous  and  somewhat  calcareous,  of 
becoming  highly  adhesive  when  wetted  (a  fact  of  which  any  one  who  has 
lo  traverse  a  black  soil  country  after  a  shower  of  rain  becomes  fully  aware) 
and  of  expanding  and  contracting  to  an  unusual  extent  under  the  respec- 
tive influences  of  moisture  and  dryness.  Hence,  in  the  dry  season  the 
surface  is  seamed  with  broad  and  deep  cracks,  often  five  or  six  inches  across 


'  The  following  are  some  of  the  principal 
writers  who  have  described  regur: — 

Christie,    Edin,     Phil,    Jour.,      VI,     119, 

(1829);  VII,  So,   (1829);   Mad.  Jour. Lii. 

^ri.,  IV.  469,  (1836). 
Voysey,  Jour.  As.  Soc.  Beng.,  II,  303,  (1833). 
Newbold,   Proe.    Roy.  Soc,   IV,  54.  (1838,; 

Jour.  As.  Soc.  Beng.y   XIII,  987,  (1844); 

XIV,  229,  270,  (184s);   Jour.    Roy.   As. 

5ac.,  VIII.  252,  ^1846). 
Hislop,    Jour,  Bo.   Br.    Roy.   As.    Soc.f   V, 

61,(1853). 


Carter,    Jour.  Bom.    Br.    Roy.  As.  Soc.,   V, 

329,  (1854). 
Theobald,     Memoirs,       II,  298,   (i860);     X, 

229,  (1873). 
H.  F.  Blanford,  Memoirs,  IV,  183,  (|852). 
King  and  Foote,  Memoirs,  IV,  352,  (1864)- 
W.  T.    Blanford,    Meihotrs,    VI,    235,    (1869)  ; 

Records,  VIII.  50,  (1875). 
T.  Oldhann,  Records,  IV,  80,  (1871), 
Foote,  Memoirs ^  XII,  251,  (1876), 
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gained  147'!  grains.  He  then  exposed  the  same  sample  to  an  atmosphere 
faturaied  with  moisture,  and  found  that  the  weight  increased  daily,  till  the 
end  of  a  few  weeks,  when  it  was  found  to  be  2828*4  grains.  The  soil  had, 
therefore,  gained  2128  grains,  or  about  8  per  cent. 

As  a  rule,  the  purest  beds  of  regur  contain  no  pebbles,  although  this 
soil  usually  abounds  in  kankar.  Fragments  of  chalcedony  or  zeolite  are, 
however,  often  found  in  the  black  soil,  where  it  is  derived  from  the  decom- 
position of  basalt,  and  in  Southern  India  regur  occasionally  contains  debris 
of  the  metamorpliic  rocks,  sandstone  or  limestone,  on  which  it  rests. 

Where  uncultivated,  black  soil  plains  usually  support  but  few  trees, 
and  those,  as  a  rule,  of  no  great  size,  but  the  principal  product  is  grass, 
commonly  growing  to  a  height  of  three  or  four  feet,  but  sometimes  con- 
siderably higher.  The  growth  of  grass  on  the  uncultivated  plains  of  India 
is,  however,  greatly  promoted,  and  the  trees  injured  or  killed^  by  the 
universal  practice  of  burning  the  grass  annually  in  the  dry  season,  so  that 
it  is  probable  that  the  plains  of  black  soil  would  support  forest  if  left  to 
themselves. 

The  fertility  of  this  soil  is  so  great  that  some  of  the  black  soil  plains 
are  said  to  have  produced  crops  for  2.000  years  without  manure,  without 
having  been  left  fallow,  and  without  irrigation.  On  the  other  hand,  some 
varieties  of  black  soil,  occurring  near  the  coast  of  Southern  India,  are  com- 
paratively infertile. 

The  typical  appearance  is  only  presented  by  this  soil  near  the  surface 
of  the  ground ;  if  the  regur  is  more  than  about  6  to  10  feet  deep,  it  usually 
passes  down  into  brown  clay  with  kankar.  It  is  never,  except  where  it 
has  been  carried  down  and  re-arranged  as  a  stream  deposit,  met  with  at  any 
depth  beneath  the  surface. 

The  distribution  of  black  soil  in  the  Indian  peninsula  is  of  some  im- 
portance, because  it  affords  a  clue  to  the  origin  of  the  formation.  Regur 
is  found  everywhere  on  the  plains  of  the  Deccan  trap  country,  except  in 
the  neighbourhood  of  the  coast.  A  very  similar  soil  is  found  locally 
in  the  basaltic  Rijmah^l  hills,  but  with  this  exception  nothing  of  the 
kind  appears  to  be  known  in  Bengal  or  the  neighbouring  provinces. 
In  Southern  India,  however,  tracts  of  black  soil  are  found  scattered 
throughout  the  valley  of  the  Kistna,  and  occupying  the  lower  plains  and 
flats  of  Coimbatore,  Madura,  Salem,  Tanjore,  Rininid,  and  Tinnevelli. 
There  is  but  little  on  the  Mysore  plateau.  Some  occurs  on  portions  of  the 
coast  plain  on  the  eastern  shore  of  the  Peninsula,  and  the  great  alluvial 
flat  of  Surat  and  Broach  in  eastern  Gujarit  consists  of  this  soil.  The 
soils  of  Ahmadibid  are  light  coloured,  but  regur  occupies  the  surface  of 
the  depression  lying  between  Ahmadibid  and  Kithidwdr,  and  connecting 
the  head  of  the  Gulf  of  Cambay  with  the  Rann  of  Cutch.^ 

>  Rogers,   Quart.  Jfur.  Geol.  Soc.,  XXIV,  1 18,(  1870). 
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India,  and  compared   it  to  the  deposits   in  tanks,   and  to  the  mud  of  the 
Nile.    Mr.  H.  F.  Blanford  suggested  ^  that  the  cotton  soil  of  Trichinopoli 
had  accumulated  in  lagoons  or  backwaters  near  the    sea,  and  he  showed 
that  in   one  place,  near   Pondicherri,    regur  was  actually  being  formed 
in  a  nearly  dry  lagoon  separated  from  the  sea  by  a  sand  spit.     Messrs. 
King  and  Foote,  on  the  other  hand,  considered  *  it  more  probable  that  the 
Trichinopoli  regur  was  a  fresh  water  deposit  accumulated  in   marshes.     It 
has  since  been  shown  '  that  a  complete  passage  takes  place  in  the   neigh- 
bourhood  of  Surat  between  the  deposits  formed  in  tidal  estuaries  and    the 
regur  of  the  surrounding  country,  and  it  appears  probable  that  much  of 
the  black  soil  of  eastern  Gujarat  may  have  been  originally    a   marine  or 
estuarine  (brackish  water)  formation.     On  the  other  hand,  Hislop*  object- 
ed to  the  theory  of  formation  by  deposition  in   water,   and  he  appears  to. 
have  been  the  hrst  to  suggest  that  regur  may  really  be  of  subaerial  origin 
and   due  to  the   impregnation  of  certain   argillaceous  soils   by   organic 
matter.     This  appears  to  be  the   most  probable  theory  ;  there  can  be  no 
doubt  that  some  forms  of  regur  originate  from  the  decomposition  of  basalt 
in  stiUf  others  from  the  disintegration  of  other  argillaceous   rocks,  whilst 
otbef^varieiies  agaiiKw^ere  originally  alluvial  clays  formed  in  river  valleys, 
or  deposited  in  fresh  water  marshes,  ^stu^rine  flats,  or  salt  water  lagoons. 
The  essential  character  of  a  dark  colour  appeaiRS  due   in  all   cases  to  the 
admixture  of  organic  matter,  and  perhaps  the  preSi^wce  of  a  small  quantity 
of  iron.     It  is  far  from  improbable  that  most  of  the  blacl^§pil  flats  of  India 
were   covered  with  luxuriant  forest,  before  the  vegetatiol^  was  annuaJ/y^ 
exposed  to  the  effects  of  fire.     'I'he  increased  dampness  of  T|e  soil,  th^^^ 
protection  from  denudation  by  rain,  and  the  supply  of  decomp^ng  ^^^^^^ 
table  matter  may  have  contributed  to  the   formation  of  the   mot  f^rt^  y^ " 
forms  of  regur.     That  the  process  of  regur  formation  is  purely   sup^^^^^y^ 
and  that  it  is  due  to  surface  action  of  a  past  time,   is  well   seen  in 
of  the  regur  plains  with  a  slightly  undulating  contour.     In  such  place< 
earth  is  black  on  the  flats  above,  where  the  superficial  layer  has  not   ^ 
washed  away,  brown  where  the  wash  of  rain  has  swept  away  the  surfa 
soil,  and  the  black  soil  washed  from  the  sides  of  the  hollows  has  frequent)) 
accumulated  towards  the  lower  portion  of  them. 

The  abrupt  termination  of  regur  in  places  at  the  edge  of  the  tran 
country  is  simply  due  to  the  change  from  an  argillaceous  soil  to  a  sandy 
one.  The  basalt  appears  generally  to  decompose  into  a  highly  aluminous 
substance,  the  met  irorphic  rocks,  on  the  other  hand,  produce  sand  to  a 
large  extent.  At  the  same  time  it  should  be  stated  that  it  is  not  quite 
clear  why  argillaceous  deposits  should  have  become  regur  in  Southern 
India,  whilst  nothing  of  the  kind  is  known  in  Bengal,  except  in  the  basaU 
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Memoirs,  IV,  1 91,  (1863). 


»  Records,  VIH,  50,  (1875). 


*  Memoirs^  IV,  357,  (1864).  *  Jour.  Bom.  Br,  Roy,  As,  Soc.,V  ,61,  (1857). 
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tic  region  of  the  RdjmalicLl  hills.  A  dark  coloured  soil  certainly  forms  in 
the  marshes  of  eastern  India,  but  it  has  not  the  character  of  regur,  and 
no  cotton  soil  has  been  noticed  in  the  dense  forests  of  Chuti4  Ndgpur  and 
Bastir,  nor,  except  on  the  surface  of  basalt,  in  the  forest-clad  plains  of 
Bui  ma.  It  is  doubtful  whether  true  regur  occurs  on  the  Malabar  coast 
between  Bombay  and  Cape  Comorin,  and  the  marshy  soils  on  the  top  of 
the  Sahy&dri  range  do  not  form  cotton  soil.  The  black  soil  plains  appear 
to  be  almost  confined  to  those  parts  of  India  which  have  a  moderate  rain- 
fall|  not  exceeding  about  50  inches,  but  it  is  impossible  to  say  whether 
this  is  a  necessary  condition. 

It  may  then  be  stated  that  regur  has  been  shown  on  fairly  trustworthy 
evidence  to  result  from  the  impregnation  of  certain  argillaceous  forma- 
tions with  organic  matter,  but  that  the  process  which  has  taken  place  is 
imperfectly  understood,  and  that  seme  peculiarities  in  distribution  yet 
require  explanation. 

True  peat  forms  in  the  hollows  on  the  Nflgiris  and  some  of  the 
other  mountains  in  Southern  India,  such  as  the  Shevaroys,^  at  elevations 
above  4,000  feet,  and  its  formation  is  due,  as  in  temperate  climates,  to  the 
growth  and  decomposition  of  a  moss.  In  the  marshes  of  the  Gangetic 
delta  an  inferior  kind  of  peat  is  also  formed  by  the  decomposition  of 
various  aquatic  plants,  and  especially  of  w  ild  rice.*  The  peat  like  beds 
found  so  widely  distributed  in  the  neighbourhood  of  Calcutta  at  a  little 
depth  below  the  surface  appear  to  be  derived  from  the  decomposition  of 
forest  vegetation.  A  somewhat  similar  substance  has  been  obtained  from 
beneath  a  marsh  in  Oudh.' 


Sand  drifted  by  the  w  ind  forms  low  hillocks  on  many  parts  of  the 
Indian  coast.  A  series  of  parallel  ridges  of  sand  hills  along  the  shore 
of  Orissa  has  been  supposed  to  mark  successive  positions  of  the  shore  line. 
A  similar  tract  of  blown  sand  is  found  north  of  Orissa  in  the  Midnapur 
district,  and  southwards  at  intervals  throughout  the  whole  of  the  east  coast. 
The  sand  is,  of  course,  derived  from  the  sea  shore  and  blown  up  into  ridges 
at  right  angles  to  the  prevailing  wind,  with  their  longer  slope  to  windward 
and  a  shorter  and  steeper  surface  to  leeward.  Smaller  patches  of  sand  are 
sometimes  found  on  the  banks  of  backwaters.  The  sand  hills  frequently 
extend  for  two  or  three  miles  inland  from  the  coast,  and  in  such  cases  the 
inner  ridges  are  covered  with  a  peculiar  vegetation,  amongst  which  the 
cashewnut  tree  {Anacardium  occidentale)  and  a  screw-pine  {tandanus)  are 
conspicuous,  and  in  some  cases  between  the  parallel  ridges  coinciding  in 
direction  with  the  coast  the  ground  is  flat,  and  even  occasionally  marshy, 

>  Foote,  Memoirs,  XII,  252,  (i8>6).  «  Proc.  As.  Soc,  Beng.,  1865,  p.  85, 

»  y<?«r.  As,  Soc.  Beng.,  XXllI,  400,  (1854). 


4l6  GEOLOGY   OF   INDIA— PLEISTOCENE  AND   RECENT.    [Ohap.  XVL 

as  in  parts  of  Midnapur.  In  the  latter  case  it  is  probable  that  a  lagoon 
has  existed,  which  has  been  gradually  silted  up,  the  origin  of  the  lagoon 
being  due  to  the  formation  of  a  sand  spit  outside  it.  As  already  noticed, 
the  existence  of  several  parallel  sand  ridges  probably  indicates  a  rise  of 
land,  each  ridge  coinciding  with  a  former  coast  line. 

On  the  Malabar  coast,  sand  dunes  are  equally  common,  and  contribute 
greatly  to  the  formation  of  lagoons  or  backwaters  ^  by  accumulating  on 
spits  of  sand.  In  the  northern  portion  of  the  western  coast  about 
Bombay  no  sand  hills  have  been  noticed,  probably  because  the  detritus 
from  the  trap  rocks  does  not  form  a  suitable  material,  but  further 
north  again,  in  Suratand  Broach,*  in  portions  of  Kdthiiwir,  and  in  Cutch, 
blown  sand  occupies  more  or  less  ground  in  many  places  in  the  neighbour- 
hood of  the  shore. 

Sand  dunes  in  India  are  not  confined  to  the  sea  coast,  but  are  frequent- 
ly found  on  the  banks  of  rivers.  And  the  accumulation  of  blown  sand  on 
river  banks  is  of  common  occurrence  on  many  of  the  peninsular  rivers, 
such  as  the  Godavari,  Kistna,  and  Cauvery.  In  some  instances  noticed 
by  Newbold,*  villages  have  been  buried  by  the  sand  blown  from  the  river 
beds  during  the  dry  season.* 

One  peculiar  form  of  sand  hill,  known  as  teri^  is  developed  to  a  large 
extent  along  theTinnevelli  coast,  and  to  a  small  extent  in  the  north-western 
parts  of  Nellore  and  in  the  south  of  Travancore.  The  sand  of  which  these 
hills  are  composed  consists  of  rounded  grains  of  colourless  quartz,  stained 
red,  often  bright  red,  by  a  thin  film  of  ferruginous  stain,  which  is  easily 
dissolved  by  acids.  In  the  Tinnevelli  district  they  owe  their  origin  to  the 
dense  clouds  of  sand  and  dust  blown  by  the  south-west  monsoon  off  the  bare 
red  soil  plains  towards  the  coast,  where  the  wind  meets  the  sea  breeze,  is 
checked,  and  the  sand  dropped  to  form  the  t^ris.* 

In  the  extrapeninsular  area  we  find  recent  and  subrecent  river  gravels 
in  every  valley,  but  the  more  extensive  accumulations,  if  we  except  the 
alluvium  of  the  Irawadi  river,  are  all  found  in  rock  bound  basins  of  closed  or 
arrested  drainage,  which  have  been  formed  by  differential  movements  of  the 
surface  during  the  elevation  of  the  hill  ranges  among  which  they  are  found. 

In  the  dry  country  west  of  the  Indus  there  are  extensive  accumu- 
lations of  recent  deposits,  of  which  only  a  small  proportion  can  be  regarded 
as  alluvium  in  the  true  sense  of  the  word.  Beyond  the  frontier  there  are 
immense  stretches  of  blown  sand  and  loess  in  western  Baluchistan  and 
Afghinistin,  of  which  very  little  is  known,  but  it  is  probable  that  they 

'  Newbold,  Jour,  Roy.  As.  Soc.^  VIII,  2O8,    j     *  The  principal  accumulation   of  blown  sand 
(1846).  in  India,  that  of   the  great   R^jputdna  Oessrt, 


«  Memoirs,  VI,  23S.  (1869)  ;  IX,  82,  (1872). 
»  Jour,  Roy,  As.  Soc,  VIII,  269,  (1846). 
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are  composed  principally  of  the  same  types  of  accumulation  as  are  seen  in 
the  smaller  valley  plains  around  Quetta. 

First  among  these,  as  being  the  oldest,  is  a  series  of  usually  more  or  less 

briorht  red  clays,  sands  and  gravels  which,  in  some  of   the  pubhcations  of 

the  Geological  Survey,^  have  been  regarded    as  tertiary,  and  have  been 

coloured  as  such  on  the  accompanying  geological  map,  hut  although  it  is 

possible  that  they  may  belong  to  the  newest  portion  of  that  period,  they 

are  so  intimately  connected  with  the  recent  deposits  that,    as  has  already 

been  noticed,*  it  is  more  convenient  to  describe  them  in  this  place  rather 

than  in  what  might  be  regarded  as  their  more  proper  place.     These  deposits 

are  frequently  undisturbed,  especially  towards  the  centre  of  the  valh  y  plains 

and  are  then  dilhcult  to  distinguish  from  more  recent  deposits,  except  that  the 

latter  are   seldom   so   deep  a  red  in  colour.     More  usually,  however,  they 

have  undergone  some  slight  disturbance,  which  has  enabled  the  drainage  to 

cut  into  them  and  form  an  irregular  surface  dotted  with  small  hills,   devoid 

of  soil  or  vegetation,  owing  to  the  saline  nature  of  the  clays  and  the  steep. 

ness  of  their  slopes.     Towards  the  margins  of  the  valleys  where  these 

deposits   abut  against  the  hills,  they  are  son.etimes  tilted  up  at  high  angles 

of  dip,  as  in  the  Mash^lak  range  west  of  Quetta. 

Though  they  occur  in  close  proximity  to  typical  Siwiliks,  no  actual  con- 
fact  section  has  yet  been  found,  but  there  are  certain  indications  that  the 
red  clays  of  the  valleys  are  considerably  newer  than  those  of  the  Siwilik 
'*^ystem,  and  it  is  certain  that  they  were  deposited  after  the   main  features 
ot  the  orography  had  been  marked  out  by  disturbance  and  erosion  * 

The  most  important  of  the  recent  deposits  of  these  plains  are  the 
extensive  gravel  slopes  at  the  foot  of  the  hills,  and  the  loess. 

The  great  gravel  slopes,  or  dhdtnan^  which  everywhere  fringe  the 
foot  of  the  hills,  and  often  reach  a  width  of  many  miles  in  this  compara- 
tively rainless  country,  form  one  of  the  most  conspicuous  features  in  the 
^^^nery  of  the   more  open  parts   of   the  hill  country  west  of  the   Indus- 


*S-  si.^Diagram  illustrating;/ the  theory  of  the  karez.     PP  — limit   of   permanent  baturation  of 

subsoil  ;  K.K=- karez. 

*  *^ey  occur  as  great  inosculating  fans,  spreading  with  a  slope  of  300  to 
Ooo    feet  per  mile  from  the  mouths  of  the  stream  valleys.     It  is  into  these 


*  C.  L.  Griesbach,  Memoirs,   XVlII,     i8, 
(»B8i)  .    w.  T.  Blanford,  Memoirs,  XX,  115, 


Supra,  p.  319* 


*  These  valley  deposits  have  not  yet  received 
(he  detailed  attention  they  deserve.  See 
Records,  XXV,  36,  (1893) ;  see  also  Memoirs, 
XVllI,  18(1881);  XX,  115,  (i6«3). 
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fans  that  long  underground  tunnels,  known  as  kureZy  are  driven, 
with  a  slope  less  than  that  of  the  surface,  till  they  pass  below  the  level  of 
permanent  saturation,  and,  acting  as  a  subsoil  dniin,  carry  the  water  out 
to  the  surface. 

The  loess  deposits  consist  of  a  fine  grained,  usually  grey  coloured  and 
unstratified  accumulation  of  wind  blown  dust,  precisely  similar  to  the  great 
loess  deposits  of  China,  which  have  been  described  by  the  Baron  von 
Richthoven.  They  vary  in  size  from  small  patches  of  a  few  yards  across 
to  great  plains  like  that  of  Thai  Chotiili.  In  the  Kachi,  as  the  plain 
south  of  Sibi  is  called,  the  deposits  of  the  plain  appear  to  be  principally 
wind  blown  loess,  more  or  less  mixed  with  true  alluvium. 

Closely  connected  with  the  true  loess  is  a  more  or  less  finely  stratified 
type  of  deposit,  which  is  formed  in  the  low  lying  parts  of  the  loess  plain. 
After  every  heavy  shower  the  drainage  from  the  higher  parts  of  the  plain, 
as  well  as  from  the  surrounding  hills,  collects  in  these  depressions,  whence 
it  gradually  disappears  by  percolation  and  evaporation.  The  water,  when  it 
first  collects  in  these  depressions,  always  carries  a  large  amount  of  solid 
matter  in  suspension,  which  is  deposited  when  it  comes  to  rest,  the  coarser 
particles  sinking  first  of  all  and  the  finer  afterwards.  By  a  repetition  of 
these  floods,  a  finely  bedded  accumulation  of  alternately  finer  and  coarser 
grained  material  is  formed,  which  presents  a  great  similarity  to  a  lacus- 
trine formation,  though  it  was  not  deposited  in  a  lake  in  the  true  sense  of 
the  word,  but  in  mere  temporary  collections  of  flood  water. 

On  the  great  plains  of  Rawalpindi  (known  as  the  Potwar),  Bannu, 
and  Peshdwar,  extensive  deposits  of  gravel,  sand,  and  silt  exist.  Little 
is  known  about  the  later  deposits  in  the  Peshdwar  and  Bannu  plains, 
but  those  of  the  PotwAr  present  some  features  of  interest.  The  sur- 
face consists  of  a  rather  light  brown  alluvial  clay,  often  containing 
kankar,  and  passing  in  places  into  fine  silt.  Beneath  this  alluvial  de- 
posit there  is  a  mass  of  gravels  and  sand,  sometimes  enclosing  boulders 
of  large  size.  The  boulders  are  not,  however,  confined  to  the  pebble 
beds,  many  have  been  observed  imbedded  in  fine  silt,  and  this  circum- 
stance, together  with  the  great  size  of  many  of  the  blocks  found,  and  the 
distance  to  which  they  have  been  transported,  has  induced  several  observ- 
ers to  attribute  the  transport  of  the  larger  masses  to  ice,  whether  floating 
down  a  river  or  in  a  lake.  It  has  been  suggested  that  the  Potwir 
may  have  been  converted  into  a  lacustrine  basin  in  post-tertiaiy  times  by 
the  elevation  of  the  Salt  range  and  the  ridges  west  of  the  Indus.  There 
is  but  little  evidence  in  favour  of  this  view,  but  still  it  is  not  impossible, 
for,  although  the  pebble  beds  underlying  the  finer  silt  of  the  Sohin  valley 

For  additional  details  concerning  these  al-       122,  140,     223;    (1877),   XIII,    221,(1880). 
luvial  deposits  of  the  PotwAr,  see  Records^  X, 
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appear  too  coarse  for  lacustrine*  deposits,  the  silt  may  be,  in  part  at  least, 
a  later  deposit. 

The  posttertiary  deposits  are  quite  unconformable  to  the  Siw^lik 
rocks,  which  had  been  greatly  disturbed  and  denuded  before  the  later 
beds  were  formed.  These  later  beds  themselves,  however,  are  occasionally 
found  dipping  at  a  considerable  angle,  due,  it  is  said,  to  ori*>:inal  deposi- 
tion. 'I  he  pebble  beds  aie  found  around  Rawalpindi  and  in  the  neigh- 
bourhood of  the  Indus  ;  they  overlie  the  Rot^s  gorge  near  Jehlam,  occur 
on  some  of  the  Salt  range  plateaux,  and  cap  the  mountain  above  Kila- 
bdgh  on  the  Indus.  They  are  found  at  a  considerable  elevation  above  the 
present  river  beds,  some  fragments  of  crystalline  rocks  in  the  neighbour- 
hood  of  the  Indus,  apparently  brought  down  by  the  stream,  having  been 
observed  2,000  feet  above  the  river. 

The  large  blocks  attributed  to  ice  flotation  appear  to  have  been  derived 
from  the  Himalayas.  They  are  abundant  along  the  Indus  as  far  up  as 
Amb  on  the  left  bank  of  the  river,  in  the  gorge  of  the  Siran  and  for  some 
miles  below  Attock,  around  Jhand  about  twenty  miles  farther  south,  and 
farther  still  to  the  southward  near  the  village  of  Trap  on  the  lower  course 
of  the  b?ohdn.  Some  of  the  blocks  measure  nearly  50  feet  in  giith  and 
others  are  even  larger.  In  places  such  blocks  have  been  found  20  miles 
away  from  the  banks  of  the  Indus. 

The  Indus,  as  is  well  known,  is  subject  to  extraordinary  floods,  due  to 

a  portion  of  the  upper  valley  becoming  blocked  by  landslips  (or  according 

to  some  by  glaciers)  and  to  the  sudden  destruction  of  the  barriers  thus 

formed.     Such  floods  occurred  in  1841  and  1858,  and  have  doubtless  taken 

place  in  past  ages.*      In  the  flood  of  1841   the  waters  of  the  Kdbui  river 

were  checked  and  forced  backwards  for  twenty  miles  by  the  rise  of  the 

Indus,  and  Drew  has  shown  that  the  lake  in  Gilgit,  formed  by  the  landslip 

in  1840-41,  must  have  been  35  miles  long  and  upwards   of  300  feet  deep. 

Enormous   quantities  of    detritus   must   be  carried  down  by  the    violent 

floods    produced    by   the  bursting   of  such   barriers,  and    if,    as  appears 

probable,  the  low  temperature  of  the  glacial  epoch  was  felt  in  India,  such 

lakes  at  an  elevation  of  5,000  or  6,000  feet  above  the  sea  would  have  been 

cJeeply  frozen  in  winter,  and  large  blocks  from  the  river  bed  and  dam  might 

easily  have  been  imbedded  in  the  ice,  glaciers  also  in  the  north-western 

Flimklayas  must  have  been  more  extensive  than  they  now  are,  and  the 

formation  of  lakes  dammed  up  by  glaciers  was  probably  of  more  common 

occurrence  than  at  the  present  day.     Shaw*  has  called  attention  to  the 

c^currence  of  heaps  of  stone  and  gravel  of  all  sizes  brought  80  miles  down 


>  For  accounts  of  these  floods,  see  Cunning- 
Ham's  Ladak,  London,  1854;  Montgomerie,yo«r. 
-yis.Soe.  Beng.,  XXIX,  128,  (i860) ;  Shaw,  High 
Tarlary,  Yarkand,  and  Kashghar,  London,  1871, 
p.  433,  He,  and  Appendix,   p.  481  ;  and  espe- 


cially Drew,  Jummoo  and  Kashmir  Territories, 
London,  1875,  p.  44.     Numerous  references  to 
other  accounts  are  given  by  the  last  named 
writer. 
•  /.  c,  p.  486. 
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the  Shiyak,  one  of  the  tributaries  of  the  upper  Indus  in  Ladikh,  by  blocks 
of  ice,  and  a  similar  action  on  a  larger  scale  on  the  Indus  may  easily  have 
supplied  the  erratics  of  the  upper  Punjab.  If  the  Potwir  was  a  lake,  the 
dispersion  of  the  erratic  blocks  is  easily  understood  ;  if  not,  the  area  over 
^hich  the  masses  of  rock  arc  found  may  be  due  to  variations  in  the  course 
of  the  Indus,  and  the  reversed  flow. of  its  tributaries  in  great  floods. 

In  one  locality  near  Fatehjang  a  number  of  land  and  fresh  water  shells 
were  found  in  silt,  apparently  the  same  as  that  in  which  boulders  are  else- 
where imbedded.  The  species  found,  including  L^mnea  rufescens.  Plan- 
orbis  exustus,  Paludina  bengaUnsis^  Bythinia  pulchella^  Melania  tuber^ 
culatdy  Bultmus  insularis^  Opeas  gracilis^  etc.,  are  the  same  as  are  now 
common  in  the  country,  and  it  appears  doubtful  if  they  would  have  sur- 
vived any  very  great  diminution  of  temperature.  At  the  same  time  it  is 
possible  that  the  beds  containing  shells  may  be  of  later  date  than  those 
with  boulders.^ 


The  recent  and  subrecent  deposits  in  the  Himalaya?  are  represented 
by  lacustrine  deposits,  moraines,  talus  accumulations,  and  more  conspi- 
cuously,  by  the  river  gravels  abundantly  developed  in  nearly  every  valley 
as  well  as  along  the  outer  foot  of  the  range.  So  far  as  these  require  notice 
in  this  work,  they  will  be  referred  to  in  the  chapter  devoted  to  the  Hima- 
layan range,  but  there  are  three  larger  expanses  of  recent  and  subrecent 
deposits  in  Kashmir,  Hundes  and  Nepil  which,  being  extensive  enougli 
to  be  depicted  on  the  accompanying  geological  map  of  India,  require  some 
description  of  their  principal  characteristics. 

The  alluvial  basin  of  Kashmir  has  a  length  of  about  84  miles  with  a 
breadth  of  some  20  to  25,  and  is  in  part  occupied  by  low  lying  alluvial 
deposits,  not  much  raised  above  the  level  of  the  Jehlam  river,  but  prin- 
cipally by  older  deposits  forming  elevated  plateaux  on  the  borders  of  the 
alluvial  plain  and  islands  rising  from'  it.  These  elevated  plateaux  of 
alluvial  and  lacustrine  deposits  are  locally  known  as  Karewa,  a  name 
which  has  been  adopted  for  the  deposits  of  which  they  are  formed. 

The  Karewa  deposits  consist  principally  of  sand  and  shingle,  with 
some  finegrained  clayey  silt  towards  the  centre  of  the  valley  ;  the  beds  are 
for  the  most  part  horizontal  or  slope  with  a  gentle  dip,  which  is  probably 
merely  the  original  slope  of  deposition,  but  near  the  flanks  of  the  Pir 
Panjal  they  dip  away  from  the  hills  at  angles  rising  to  20^. 

The  best  published  descriptions  of  these  beds  are  those  of  Colonel 
Godwin-Austen*  and  Mr.  Drew,*  by  both  of  whom  they  are  regarded  as  of 
lacustrine  origin,  an  opinion  also  adopted  by  Mr.  Lydekker^  but  difficult 
to  accept  in  its  entirety.  It  is  very  probable  that  some  of  the  finely  bedded 


'  Theobald,  Records,  X,  141,  (1877). 
*    Quart.  Jour.  Ceol.  Soe.,  XX,  383,  (1864). 


*  Jummoo  and  Kasbmir  Territories,  p.  aio. 
«  Memoirs.XXn,  72,  (1883). 
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fine  grained  deposits  described  by  Colonel  Godwin-Austen  were  deposited 
in  still  water,  but  the  frequent  alternations  of  beds  cf  shingle  with  sand 
and  the  layers  of  lignite  from  one  to  three  inches  in  thickness,  point  to 
subaerial  conditions  of  formation.  Even  the  presence  of  true  lacustrine 
deposits  does  not  prove  that  the  whole  of  the  Kashmfr  lake  basin  was  ever 
occupied  by  a  lake.  This  rock  basin  was  probably  gradually  formed  by  a 
deformation  of  the  earth's  crust,  and  the  hollow  so  produced  was  filled  up 
almost,  if  not  quite,  as  soon  as  formed.  At  the  present  day  true  lacustrine 
deposits  are  being  formed  in  those  places  on  the  northern  limit  of  the 
valley  where,  owing  to  a  deficiency  of  deposition,  hollows  have  been  left 
in  which  water  has  accumulated,  and  it  is  probable  that  the  conditions 
have  been  much  the  same  as  at  present  throughout  the  geological  history 
of  the  Kashmfr  valley,  and  that  a  minor  area  of  true  lacustrine  deposits  has 
been  accompanied  by  a  greater  area  where  subaerial  accumulation  of  sedi- 
ment has  been  in  progress. 

It  is  possible  that  some  of  the  older  beds  of  the  karewas  may  be  con- 
temporaneous with  part  of  the  upper  Siwiliks,  but  the  only  fossils  yet 
found,  besides  undetermined  fish  scales  and  plant  remains,  have  been  land 
and  fresh  water  shells,  all  apparently  belonging  to  living  species. 

The  only  other  valley  at  all  comparable  with  that  of  Kashmir  is  Nepdl.* 
The  superficial  differences  correspond  with  those  that  mark  the  struc- 
tural characters  of  the  two  regions ;  both  are  longitudinal  valleys,  lying  in 
the  general  strike  of  the  strata,  but  the  clear  open  oval  area  of  Kashmir 
approximately  coincides  with  the  elliptical  synclinal  depression  of  the 
calcareous  upper  palaeozoic  strata.  Nepil,  on  the  contrary,  is  rather  a 
group  of  confluent  valleys,  with  high  dividing  spurs  in  both  directions.  On 
the  prolongation  of  the  strike  of  the  rocks  there  is  a  continuation  of  the 
special  excavation  of  the  mountain  «one,  and  the  rocks  of  this  zone,  being 
prevailingly  calcareous,  has  suggested  the  conjecture  that  the  feature  is 
primarily  due  to  eiosion  by  solution,  as  may  also  be  the  case  with  Kashmir. 
Another  cause,  however,  and  the  proximate  one  of  the  formation  of  a  lake- 
basin  in  NepAl,  was  probably,  in  part,  a  relative  rise  of  the  hills  on  the 
south,  for  here  also  the  bottom  beds  of  the  valley  deposits  have  undergone 
local  disturbance  on  this  side. 

These  deposits  correspond  very  closely  with  those  of  Kashmfr.  There 
is  no  remnant  of  a  lake,  but  the  other  features  are  alike.  An  extensive 
upland  area,  known  as  tanr  land,  corresponds  to  the  karewa  of  Kashmir, 
and  to  the  hhdngar  of  the  Gangetic  plains.  It  is  the  surface  of  the  old 
deposits,  no  doubt  considerably  modified  by  waste  in  the  central  parts, 
and  by  rainwash  accumulations  near  the  hills.  The  streams  flow  at  a 
depth  of  from  50  to  500  feet  below  this  surface,  according  to  position,  but 

»  H,  B   Medlicott,  Records,  VIII.  93,  («87S) 
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for  a  Rhinoceros,  especially  one  of  small  size,  lo  have  lived  on  the  bushes 
which  grow  in  the  neighbourhood  of  many  of  the  Tibetan  rivers,  while  the 
doubtful  evidence  of  this  genus  is  more  than  outweighed  by  the  fragment 
of  a  skull  figured  by  Royle,^  which  agrees  so  closely  with  that  of  Pantholops 
hodgsoni  that  there  can  be  little  doubt  of  at  least  generic  identity,  and 
Pantholops  is  a  genus  peculiar  to  the  most  elevated  and  coldest  portions  of 
Tibet.  It  is  consequently  more  probable,  so  far  as  the  palaeontological 
evidence  goes,  that  the  subrecent  deposits  of  Hundes  were  formed  at  or 
near  the  elevation  at  which  they  are  now  found  than  that  they  were  formed 
at  a  much  lower  level  and  subsequently  elevated  without  undergoing  any 
disturbance. 


In  the  hills  east  of  India  there  are  some  rock  basins  occupied  by  allu- 
vial  deposits,  of  which  the  best  known  is  that  of  Manipur.  About  50  miles 
long  by  20  broad,  of  an  irregular  shape,  with  many  small  hills  rising  like 
islands  from  the  alluvial  plain,  it  is  not  surprising  that  it  should  be  gener- 
ally regarded  as  a  filled  in  lake.  There  are,  however,  no  real  reasons  for 
supposing  that  any  large  proportion  of  the  valley  was  ever  occupied  by 
deep  water.  Thtre  are  no  terraces  round  it  such  as  would  have  resulted 
from  the  lowering  of  the  outlet  of  the  lake  during  the  long  period  occu- 
pied by  its  filling  up.  The  deposits  are  all  of  ordinary  alluvial  type,  and 
the  courses  of  the  streams  show  that  the  present  surface  is  the  result  of  the 
gradual  subaerial  formation  of  an  alluvial  plain.  The  elevation  of  the  sur- 
rounding hills  is,  geologically  speaking,  of  comparatively  recent  date,  prob- 
ably not  dating  further  back  than  the  latter  portion  of  the  tertiary  period, 
and  it  is  probable  that  the  origin  of  the  Manipur  basin  was  gradual,  and  that 
the  active  erosion  of  the  surrounding  hills,  due  to  abundant  rainfall,  caused 
it  to  be  filled  up  as  fast  as  it  was  formed,  with  the  exception  of  insigni- 
ficant areas  that  partially  escaped  sedimentation,  and  were  occupied  by 
shallow  lakes. 

The  upper  waters  of  the  Chindwin  (Kyin-dwin)  river  drain  a  number 
of  alluvium  filled  valleys,  the  largest  of  which,  on  the  uf.per  part  of  the 
Chindwin  itself,  is  known  as  the  Hukong  valley,  while,  in  the  hills  west  of 
the  Chindwin,  there  are  the  Kubo  valley  and  those  south  of  it.  No  details 
are  at  present  known  regarding  these  alluvial  spreads  of  Upper  Burma,  as 
no  detailed  geological  investigations  have  yet  been  possible,  but  in  Lower 
Burma  more  extended  investigations  have  been  made,  and  it  is  possible 
to  distinguish  posttertiary  deposits  of  two  distinct  periods. 

Along  the  margin  of  the  Irawadi  and  Sittaung  alluvium,  there  is  a 
broad,  but  interrupted,  belt  of  undulating  ground,   clearly  distinguished 

'  Illustrations   of  the  Botany,  etc.,  of  the  I  fig.  i.    The  original  specimen    cannot    now 
Himalajra  Mountains.  4**  London,  1839,  pi.  III.  I  be  found. 
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from  the  flat  alluvial  plains  near  the  river  both  by  the  greater  inequality 
of  its  surface  and  by  its  more  sandy  character.  This  tract  is  locally 
known  as  Eng-dain,  or  the  country  of  the  Eng  tree  {Dipterocarpus 
grandiflora)^  but  the  same  name  is  naturally  applied  to  the  very  similar 
sandy  tracts  occupied  by  the  pliocene  fossil  wood  group,  so  that  thr 
popular  distinction  does  not  precisely  coincide  with  the  geological  limitif 
of  the  formation. 

The  Eng-dain  tract  is  composed  chiefly  of  gravel,  derived  in  a  large 
measure  from  the  neighbouring  hills,  but  partly  from  a  distance.  A  por- 
tion of  the  deposits,  like  the  bhdbar^iXxt^  edge  of  the  Ganges  valley,  may 
simply  be  the  detritus  washed  from  the  surface  of  the  hills  by  rain  and 
small  streams  to  form  a  slope  at  the  base  of  the  range,  but  in  Pegu/ as 
in  other  countries  with  a  heavy  rainfall,  this  slope  is  inconsiderable,  and  a 
great  portion  of  the  alluvial  gp-avels  are  simply  stream  and  river  deposits. 
Similar  beds  of  sand  and  gravel  are  found  in  many  places  underlying  the 
argillaceous  delta  deposits  of  the  Irawadi,  and  are  ev^idently  of  more 
ancient  origin. 

Besides  the  fringe,  of  variable  width,  formed  by  the  gravels  along  the 
edge  of  the  older  rocks,  large  tracts  of  the  same  older  alluvial  deposits  are 
found  in  places  isolated  in  the  delta,  occasionally  forming  ground  raised 
to  a  considerable  height  above  the  flat  country  around.  One  such  tract, 
about  20  miles  long  from  north-east  to  south-west,  by  10  miles  broad, 
occurs  east  of  Nga-pu-tau  and  south  of  Bassein;  another,  of  about  the  same 
dimensions,  lies  south-west  of  Rangoon.  These  areas  may  be  ancient 
bhdngar  deposits,  or  they  may  be  caused  by  local  upheaval. 

Except  in  the  immediate  vicinity  of  the  river  channel,  there  is  no 
important  expanse  of  alluvial  deposits  in  the  valleys  of  the  Burmese  rivers; 
the  beds  of  all,  immediately  above  their  deltas,  arc  formed  in  places  by 
older  rocks,  and  there  is  no  such  continuous  alluvial  plain  as  is  found 
along  the  course  of  the  Ganges  and  Indus.  Small  tracts  of  alluvium  occur, 
as  usual,  every  here  and  there,  but  the  wide  undulating  plains  in  the 
neighbourhood  of  the  river  in  Upper  Burma  are  largely  composed^  not 
of  river  alluvium,  but  of  the  pliocene  fossil  wood  deposits. 

Compared  with  the  Gangetic  and  Indus  deltas,  those  of  the  Irawadi 
and  other  Burmese  rivers  convey  an  idea  of  imperfection  and  backward- 
ness, as  though  the  latter  were  of  more  modern  growth  than  the  former, 
and  had  made  less  progress  towards  the  formation  of  a  great  fertile  plain. 
The  Salwfn  cannot  be  said  to  have  any  delta  at  all.  and  in  the  Irawadi 
delta,  as  has  already  been  mentioned,  elevated  tracts,  both  of  rock  and  of 
the  older  alluvial  deposits,  occur  in  the  neighbourhood  of  the  sea.  Con- 
sidering the  size  of  the  river,  the  Sittaung  delta,  if  the  alluvial  plain  ex- 
tending to  the  northward  beyond  Taung-ngu    (Tonghoo)   be  iocluded^  is 
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proportionally  more  extensive  than  that  of  the  Irawadi,  but  still  the  broad 
Gulf  of  Martaban  extends  into  the  very  mouth  of  the  Sittaung  river. 

The  Irawadi  delta  extends  from  the  Rangoon  river  to  the  Bassein 
river,  and  the  head  of  the  delta  may  be  placed  near  Myanaung.^  The 
first  important  distributary — that  forming  the  head  of  the  Bassein  river- 
leaves  the  main  river  a  little  above  Henz^da,  but  water  overflows  in 
floods  some  miles  above  Myanaung,  and  finds  its  way  to  the  sea  by  the 
Myit-ma-kha  Khyaung,  the  origin  of  the  Rangoon  river.  The  various 
rivers  and  creeks  of  the  Irawadi  delta  are  said  to  be  far  less  liable  to 
change  than  those  of  the  Ganges  and  Indus,  but  it  must  be  remembered 
that  the  authentic  history  of  the  latter  rivers,  and  especially  of  the 
Indus,  extends  much  farther  back  than  does  that  of  the  IrawadL  The 
general  surface  of  the  delta  near  the  sea,  with  the  exception  of  the 
higher  tracts  already  mentioned,  differs  but  little  in  elevation  from  that 
of  the  great  Indian  rivers  and  Mr.  Theobald  considers  that  at  least  2,000 
square  miles  must  be  below  the  level  of  high  spring  tides.  Large  marshes, 
or  jhils  (*'  eng*^  in  Burmese),  are  found  occupying  the  depressions  between 
the  raised  banks  of  the  principal  streams,  and  the  whole  region,  especial- 
ly in  the  neighbourhood  of  the  sea,  consists  of  a  network  of  the  tidal  creeks. 
Little  appears  to  be  known  as  to  the  progress  of  the  delta  seaward, 
judging  by  the  contour  of  the  coast,  it  would  appear  that  the  Irawadi, 
owing  to  its  far  greater  sire,  and  perhaps  to  the  larger  proportion  of  silt 
transported  by  its  waters,  had  pushed  its  delta  seaward  far  beyond  the  Sit- 
taung. The  Salwin  traverses  for  the  most  part  an  area  of  hard  metamor- 
phic  rocks,  and  probably  brings  down  but  little  detritus,  so  that  the  con- 
version of  the  Gulf  of  Martaban  into  land,  if  it  is  ever  to  be  effected,  must 
depend  largely  upon  the  deposits  from  the  Irawadi. 

The  alluvial  plain  and  delta  of  the  lower  Irawadi  consist  mainly  of 
a  clay  *  very  similar  to  that  found  in  the  Gangetic  plain,  but  containing 
much  less  lime,  and  consequently  poor  in  kankar.  The  colour  is  gene- 
rally yellowish  brown,  sometimes  reddish,  owing  to  the  presence  of 
peroxide  of  iron.  The  proportion  of  sand  varies,  and  is  greater  on  the 
whole  than  in  the  Gangetic  alluvium.  A  few  thin  layers  of  sand  occur 
interstratified  with  the  clay,  and  a  band  of  dark  blue  or  carbonaceous 
clay,  a  few  inches  in  thickness,  has  been  noticed  in  several  localities. 


*  Mr.  Theobald  considers  Min-gyi,  13  miles 
below  Myanaung,  the  apex  of  the  delta ;  and 
taking  Puriam  point,  east  of  the  Bassein  river, 
and  Elephant  point,  west  of  the  Rangoon 
river,  as  the  two  lateral  angles,  he  estimates 
the  distances  from  Min-gyi  to  Elephant  and 
Puriam  points  as  129  and  176  miles,  respec- 
tively, the  two  points  being  137  miles  apart, 
-Recordty  III,  21,  (1870). 


'  Mr.  Theobald  considers  this  clay  marine 
or  estuarine,  but  no  fossils  have  been  found  in 
it  and  his  main  arguments,  founded  on  the 
similarity  between  the  clays  of  the  Irawadi 
and  Gangetic  deltas,  are  of  course  favourable 
to  the  fluviatile  origin  of  the  Irawadi  clay,  if 
that  of  the  Ganges  be  also  of  fresh  water 
origin,— ^^0ri<8,  III,  I7»  ("870). 
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The  clay,  in  many  places  towards  the  head  of  the  delta,  is  seen  to  rest 
upon  pebbly  sand,  and  the  latter  is  frequently  found  beneath  the  clay  in  tbe 
delta  itseU,  wells  being  sunk  through  the  argillaceous  surface  formation 
to  the  porous  stratum  beneath.  In  the  absence  of  any  borings,  however, 
it  is  impossible  to  say  what  the  nature  of  the  beds  at  a  oepth  below  the 
surface  may  be,  and  it  is  not  clear  whether  the  sand  is  the  underlying 
formation  throughout,  or  whether  it  is  merely  intercalated  between  beds 
of  clav. 

On  the  surface  of  the  clay,  in  the  immediate  neighbourhood  of  the 
river,  deposits  of  silt  and  sand  are  found  in  some  places,  and  resemble 
the  khadar  deposits  of  the  Ganges  valley.  No  extensive  area,  however, 
IS  covered  by  these  sandy  beds.  They  form  a, narrow  belt  along  the  river 
channel  above  the  influence  of  the  tide,  and  occupy  a  rather  larger  area 
around  Pantanau.  The  deposits  of  the  Sittaung  alluvial  plain  closely 
resemble  those  of  the  Irawadi. 
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THE  INDO-GANGETIC  PLAIN. 

Area  and  elevation  -Fluviatile  origin  of  the  Gangetic  plain— Subrecent  marine  conditions  ffi 
the  Indus  valley — Character  of  Indo^angetic  alluvium— Fossils  in  the  alluvium— General 
features  of  the  Indo-Gangetic  plain- -The  Brahmaputra  valley—  The  delta  of  the  Ganges 
and  Brahmaputra— The  plains  t)f  upper  Bengal  and  the  North-West  Provinces -/fa/ar  or 
lieh — The  Punjab— The  los*  river  of  the  Indian  desert^ The  lower  Indus  valley  and 
delta— The  Rann  ot  Cutch— The  desert  of  western  Rdjputdna. 

The  immense  alluvial  pl.iin  of  the  Ganges,  Indus,  and  Brahmaputra 
rivers  and  their  tributaries^  the  richest  and  most  populous  portion  of  India, 
covers  an  area  of  about  300,000  square  miles,  and  forms  approximately  one 
fourth  of  the  whole  surface  of  British  India,  exclusive  of  Burma.  The  greater 
part  of  the  provinces  known  as  Assam,  Bengal  (including  Behar),  the  North- 
VVest  Provinces,  Oudh,  the  Punjab  and  Sind,  are  included  in  the  great  plain 
which,  varying  in  width  from  90  to  nearly  300  miles,  entirely  separates  the 
geological  region  of  peninsular  India  from  the  Himalayas  to  the  north,  the 
SuUimdn  and  Kirthar  ranges  to  the  west,  and  the  hill  regions  ot  Assam, 
Tipperah,  and  Chittagong  to  the  eastward.  Owing  to  the  varying  extent 
lo  which  the  surface  is  raised  on  the  margins  of  the  area  by  the  detritus 
brought  by  rivers  from  the  hills,  and  the  gradation  between  the  finer  depo- 
sits of  the  plain  and  the  coarser  gravels  forming  the  slope  at  the  base 
of  the  Himalayas,  it  is  difficult  to  estimate  exactly  the  greatest  height  of  the 
plain  above  the  sea.  The  highest  level  recorded  by  the  Great  Trigono- 
metrical Survey  between  the  Ganges  and  Indus,  on  the  road  from  Sahi- 
ranpur  to  Ludhiina,  is   924  feet,^  and  this    may   be    fairly   taken   as   the 

^  The  following  elevations  of  localities  in  the  Brahmaputra  Valley, — contd, 
liido'GaDgetic  plain  will  afford  some  idea  of 
the  general  height  of  the  surface  above  the 
sea.  The  figures,  except  in  the  case  of  Rij* 
mahil,  are  taken  from  the  maps  and  publi:<hed 
sections  of  the  Great  Trigonometrical  Sur- 
vey, with  a  few  additions  kindly  furnished  by 
the  Surveyor  General,  Colonel  Walker.  At 
all  the  localities  quoted  the  height  is  the 
approximate  level  of  the  plain  : — 

Brahmaputra  Valley— 
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summit  level  at  the  lowest  part  of  the  watershed  between  the  Indus  and  the 
Ganges.  There  is  no  ridge  of  high  ground  between  the  Ganges  and  Indus 
drainage,  and  a  very  trifling  change  in  the  surface  might  at  any  time  turn 
the  affluents  of  one  river  into  the  other.  It  is  reasonable  to  infer  that 
such  changes  have  taken  place  in  past  times,  and  that  the  occurrence  of 
closely  allied  species  of  Platanista  (a  fresh  water  dolphin  peculiar  to  the 
Indus,  Ganges,  and  Brahmaputra)  in  the  two  rivers,  and  of  many  other 
animals  common  to  both  streams,  may  thus  be  explained. 

An  idea  once  prevalent  amongst  both  geologists  and  naturalists  was,  that 
the  great  Indian  plain  had  been  an  arm  of  the  sea  in  late  geological  times.' 
It  is  possible  that  this  may  have  been  the  case,  but  there  is  absolutely  no 
evidence  whatever  in  favour  of  such  a  view,  and  some  facts  are  opposed  to 
it.  On  the  southern  flank  of  the  Himalayas,  no  marine  formations  have  been 
discovered  of  later  date  than  eocene,  and  even  these  are  unknown,  except 
in  one  place  east  of  the  Ganges,  between  the  spot  where  the  Jumna  leaves 
the  Himalayas,  and  the  Giro  hills,  or  throughout  thirteen  degrees  of 
longitude,  whilst  the  later  tertiary  formations,  belonging  to  the  Siwilik 
system,  contain  fresh  water  Repiilia  and  Mollusca,  and  not  a  single  marine 
shell  has  been  found  in  them.  In  Sind  marine  beds  of  miocene  date  are 
found,  which  become  replaced  by  fresh  water  beds  as  they  are  traced  up 
the  Indus  Valley,and  in  the  Salt  range  the  fresh  water  Siwiliks  rest  upon  the 
nummulitic  limestone.  It  is  true  that  it  is  impossible  to  tell  what  beds 
may  be  concealed  beneath  the  Indo-Gangetic  alluvium,  and  marine  strata 
may  exist  to  an  enormous  extent  without  appearing  at  the  surface.  It  is 
also  unquestionable  that  the  amount  of  information  hitherto  derived  from 
borings  is  very  small  indeed,  but  so  far  as  that  information  extends, 
and  so  far  as  the  lower  strata  of  the  alluvial  plain  have  been  exposed  in 
the  beds  of  rivers,  not  a  single  occurrence  of  a  marine  shell  has  ever 
been  observed,  nor  is  there  such  a  change  in  the  deposits  as  would  render 
it  probable  that  the  underlying  strata  are  marine.  As  will  be  shown 
presently,  the  lowest  deposits  known  in  the  plain  itself  are  of  postter- 
tiary  age,  and  they  are  certainly  fresh  water,  whilst  the  tertiary  deposits 

1  Hooker,  Himalayan  Journalst  ist  ed.,London, 
l854»  I  P'  378;  Theobald,  Records^  III,  19. 
(1870).  Mr.  Theobald's  main  argument, 
derived  from  the  clay  at  Pattharghatta,  near 
R^jmahdl,  has  been  shown  by  a  re-examinatiou 
of  the  locality  to  be  untenable,  the  deposit  in 
question  being  merely  a  surface  wash,  contain- 
ing fragments  of  bricks  amongst  other  things 
(Memoirs,  XUI,  224.  (1877).  Dr.  Falconer 
considered  that  the  Indu-Gangetic  area  was 
formerly  an  arm  of  the  sea,  but  that  it  had  been 
conyefted  into  land  before  the  Siwilik  epoch, 
—P4fiteo»Mogicitl  Memoirs,  I,  29, 
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derived  from  the  soil  beneath  the  sand.  To  the  southward  is  a  great  flat 
salt  tract  known  as  the  Rann  of  Cutch,  marshy  in  parts,  dry  in  others, 
throughout  the  greater  part  of  the  year,  but  covered  by  water  when  the 
level  of  the  sea  is  raised  by  the  south-west  monsoon  blowing  into  the  Gulf 
of  Cutch  and  the  old  mouth  of  the  Indus,  and  all  water  which  runs  off  the 
land  is  thus  ponded  back.  The  Lilni  river,  which  flows  into  the  Rann,  is, 
except  after  rain,  extremely  salt,  and  salt  is  largely  manulactured  from  the 
salt  earth  at  Pachpadra,  close  to  the  Luni,  more  than  loo  miles  from  the 
c  Ige  of  the  Rann,  and  nearly  300  from  the  sea  Both  the  present  condition 
of. the  Rann  and  tradition  point  to  the  area  having  been  covered  by  the  sea 
in  recent  times,  and  having  been  filled  up  by  deposits  from  the  streams 
running  into  it,  while  the  occurrence  in  some  of  the  salt  lakes  near  Umar- 
kot,  150  miles  from  the  sea,  of  an  estuarine  mollusc  Potamides  (Pirenella) 
layardiy  common  in  the  salt  lagoons  and  backwaters  of  the  Indian  coast, 
seems  to  indicate  that  these  lakes  were  formerly  in  communication  with  the 
sta.  The  enormous  quantity  of  blown  sand,  also,  which  covers  the  Indian 
desert,  can  only  be  satisfactorily  explained  by  supposing  that  it  was  derived 
from  a  former  coast  line  north  of  the  Rann  and  east  of  the  Indus  valley.' 

It  agjj^aw  [llliflilili  nil!  Tn  posttertiary  times  an  arm  of  the  sea  ex- 
■Wffffeaup  the  Indus  valley  at  least  as  far  as  the  salt  lakes  now  exist,  or  to 
the  neighbourhood  of  Rohri,  and  probably  farther,  and  also  up  the  Llni 
valley  to  the  neighbourhood  of  Jodhpur,  the  Rann  of  Cutch  being  of  course 
an  inland  sea.  The  country  to  the  westward  has  been  raised  by  the 
deposits  of  the  Indus,  and  the  salt  lakes  have  bbt^n  isolated  by  ridges  of 
blown  sand.  "^ 

It  is  true  that  along  the  western  margin  of  the   Ifhdus  alluvium  later 
tertiary  (Manchhar)  rocks  are  found,  containing  remains  mSinammalia  and 
precisely  resembling  the  Siwilik  formation,  and  as  there  is  mevertheless 
probability  that  the  lower  Indus  valley  was  an  arm  of    the  sea  iW  postterti— 
ary  times,  it  may  fairly  be  argued  that  the  sub  Himalayan  Siw^lirf^s  arc  n 
proof  that  the    Ganges  valley  was  not  an  inland  sea  at  the  same  epoc 
But  in  the  Indus  region  the  representatives  of    the  Siwdliks    pass    dowi 
wards  into  miocene  marine  beds.      In  lower  Sind  the  Manchhar  format! 
itself  becomes  interstratified  with  bands  containing  marine   shells,  and  n 
very  far  to  the  westward,   there  is  a   very  thick  marine  pliocene  formali 
on  the    Baluchistin   coast,  so  that  there  is  evidence  ii:    abundance  of  I 
sea   having   occupied    portions    of  the  area  in  later  tertiary  times,   wlV 
there  is  no  proof  of  any  such  marine  conditions  in  the  Ganges  plain. 


The  various  deposits  of  the  Indo-Gangetic  plain'  may  be  roughly  clas 


f 


*  A  description  of  this  area  will  be  found 
at  the  end  of  the  present  chapter. 

'  The  authorities  for  the  following  account 
are  manuscript  reports  by  Mr.  I  heobald  on 
parts  of  the  alluvial  area  in  Bengal,  Bchar,  and 


the  North- Western   Provin:es,  sjme   ext 
from  which  were  published  in  Records,  II 
(1870)  ;    Mediicott,  Sketch  of  the  V^voXo^y 
the    Nurili- Western  Provinces,  Recoids^  V 
(1873),  aud  various  papers  referred  to. 
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under  two  subdivisions,  older  and   newer;  the  former  consisting  of  beds 

which   are  undergoing   denudation,    whilst    the     latter    form    the    newer 

accumulations,   the  flood    and    delta  deposits  now  in  process  of  formation. 

It    is   difficult,   if    not   impossible,   to   draw  any  distinct  line  of  separation 

between  these  two  subdivisions,  unless,  as    but  rarely  occurs,  they  contain 

fossils  characteristic  of  their  age,  but,  generally  speaking,  all  the   higher 

ground  is  composed  of  older  deposits,  whilst  the  newer  alluvium  is  chiefly 

confined  to  the  neighbourhood  oi  the  river  channels,  except  in  the  delta  of 

the  Ganges,  and  in  the  Brahmaputra  plain.     Still,  there  are  large  parts,  both 

of  the  Indus  and  Ganges  plains,  which  are  flooded  every  season,  and  on 

these  areas  newer  deposits  are  formed  by  the  flood  waters.     Moreover,  as 

t.he  rivers  constantly  change  their  courses,  they  often  sweep  away  deposits 

csnly  a  few  years,  or  even  a  few  months  old. 

The  prevailing  formation  throughout  the  Indo-Gangetic  alluvial  area  is 
:some  form  of  clay,  more  or  less  sandy.  The  older  deposits  generally 
^zontain  kankar,  the  newer  deposits  do  not  as  a  rule,  but  there  are  numer- 
<3us  exceptions  in  both  cases.  In  the  Indus  valley  the  alluvial  deposits  are 
K-nuch  more  sandy  than  in  the  Ganges  valley,  and  the  surface  of  the  ground 
5  s  paler  in  colour,  except  where  marshy  conditions  prevail.  The  deposits 
^Di  the  Brahmaputra  valley  in  Assam  are  also  sandy.  In  both  these  valleys 
'^he  greater  part  of  the  area  is  occupied  by  the  newer  alluvial  deposits 
^vhilst  the  greater  portion  of  the  Ganges  plain,  except  towards  the  delta 
is  composed  of  an  older  alluvial  formation. 

The  older  alluvium  is  usually  composed  of  massive  clay  beds  of  a  rather 
-pale,  reddish  brown  colour,  very  often  yellowish  when  recently  exposed  to 
^he  air,  with  more  or   less  kankar  disseminated  throughout.     In  places, 
and  especially  in  Bengal  and  Behar,  pisolitic  concretions  of  hydrated   iron 
peroxide,  from  the  size  of  a  mustard  seed  to  that  of  a  pea,  are  disseminated 
through  the  clay  ;  occasionally  these  nodules  attain  larger  dimensions,  some 
being  found  near  Dinijpur    of    the   size   of    pigeons'    eggs.      In   places 
kankar  forms  compact  beds  of  earthy  limestone.     Sand,  gravels,  and  con- 
glomerates occur,  but   are,    as   a   rule,   subordinate,  except  on  the  edges 
of  the  valley,  the  quantity  of  sand  in  the  clay  decreasing  gradually  as  the 
distance  from  the  hills  increases.     Pebbles  are  scarce  at  a  greater  distance 
ihan  from  20  to  30  miles  from  the  hills  bordering  the  plain.     Beds  of  sand- 
stone, sufficiently  compact   for  building,     have  occasionally  been    found, 
but    are   of  rare  occurrence.     On   the   whole,   there  is   no    great   differ- 
ence between  the  alluvial  formations  of  the  Indo  Gangetic  plain  and  those 
of   the    Narbada   and   T«[pti,  except   that   the  latter   are  rather  darker  in 
Colour,  and  perhaps  less  sandy. 

The  newer  alluvial  deposits  consist  of  coarse  gravels  near  the  hills,  and 
^specially  at  the  base  of  the  Himalayas,  sandy  clay  and  sand  along  the 
c^oarse  of  the  rivers,  and  fine  silt  consolidating  into  clay  in  the  delta  and 
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in  the  flatter  parts  of  the  river  plain.  In  the  Ganges  delta  beds  of  impure 
peat  comnicnly  occur.  Fresh  water  shells  are  of  more  frequent  occur- 
rence in  the  newer  forms  of  alluvium  than  in  the  older,  the  species  being 
those  now  living  in  the  rivers  and  marshes  of  the  country. 


The  only  information  of  importance  hitherto  procured  as  to  the  nature 
and  depth  of  the  alluvial  deposits  beneath  the  surface  is  derived  from 
five  borings:  one,  481  feet  deep,  at  Fort  William,  Calcutta,  within  the 
delta  and  close  to  a  tidal  river;  the  second  at  Umballa,  701  feet  deep,  at 
nearly  the  highest  level  of  the  plain  away  from  the  slope  of  detritus  along 
the  margin  ;  the  third,  carried  to  a  depth  of  464  feet,  at  Sabzal-kot  west 
of  the  Indus,  about  21  miles  west  by  north  of  Rijanpur  and  about  400 
feet  above  sea  level ;  the  fourth,  at  Agra,  carried  to  a  depth  of  481  feet 
from  a  surface  level  of  553  feet  above  the  sea  ;  and  the  fifth,  and  deepest, 
having  a  depth  of  1,336  feet  from  a  surface  level  of  about  370  feet,  at  Luck- 
now.     All  these  boreholes  were  made  for  the  purpose  of  obtaining  water. 

The  Calcutta  borehole  is,  with  the  exception  of  that  at  Lucknow,  the  most 
important,  because  it  was  carried  down  to  a  depth  of  about  460  feet  below 
the  mean  sea  level.  The  following  account  o(  the  deposits  passed  through  in 
the  borehole  is  taken  from  the  "  Abstract  Report  of  the  Proceedings  of  the 
Committee  appointed  to  superintend  the  Bore  Operations  in  Fort  William 
from  their  commencement,  December  1835,  to  their  close  in  April  1840:^" — 

"  After  penetrating  through  the  surface  soil  to  a  depth  of  about  ten 
feet,  a  stratum  of  stiff  blue  clay,  fifteen  feet  in  thickness,  was  met  with. 
Underlaying  this  was  a  light  coloured  sandy  clay,  which  became  gradually 
darker  in  colour  from  the  admixture  of  vegetable  matter,  till  it  passed  into 
a  bed  of  peat,  at  a  distance  of  about  thirty  feet  from  the  surface.'  Beds  of 
clay  and  variegated  sand  intermixed  with  kankar,  mica,  and  small  pebbles, 
alternated  to  a  depth  of  120  feet,  when  the  sand  became  loose  and  almost 
semi-fluid  in  its  texture.  At  152  feet  the  quicksand  became  darker  in 
colour  and  coarser  in  grain,  intermixed  with  red  water  worn  nodules  of 
hydrated  oxide  of  iron,  resembling  to  a  certain  extent  the  laterite  of  South 
India.     At  159  feet  a  stiff  clay  with  yellow  veins  occurred,  altering  at  163 


>  Jour,  As.  Soc.Beng.,  IX,  686,  (1840).  See 
also  an  excellent  account  by  Lieuter.eint  (after- 
wards  Colonel)  R.  Baird  Smith,  Calcutta  Jour, 
Nat,  JJitt.f  1,  324,  (1841)  and  Proc.  Geol. 
Soe,t  IV,  4,  (1842).  From  the  latter  the  account 
in  Lyell's  "  Principles  of  Geology  **  appears  to 
be  chiefly  taken.  Some  additional  details  will  be 
found  in  the  four.  As,  Soc,  Beng,,  II,  369.  649, 
(1833);  IV,  235.  il^35);  V.  374.  (1836)  ;  VI, 
234.  321,  498.  897»  («837);  VII,  168,  466, 
(1838). 

*  Eighty  feet   in  the  original,   bnt  this  is 


almost  certainly  a  misprint ;  first,  because 
Lieutenant  Baird  Smith  mentions  in  his  de- 
scription the  occurrence  of  peat  between  30 
and  50  feet  from  the  surface,  whereas  from 
75  to  120  feet  sandy  clay  is  said  to  occur, 
and  this  agrees  with  his  descriptive  catalogue 
of  the  specimens  extracted  from  the  borehole, 
and  with  his  figured  section  ;  secondly, 
because,  as  will  be  shown  hereafter,  a  bed  of 
peat  is  found  everywhere  arouud  Calcutta  at 
a  depth  of  20  to  30  feet. 
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feet  remarkably  in  colour  and  substance,  and  becoming  dark,  friable,  and 
apparently  containing  much  vegetable  and  ferruginous  matter.  A  fine 
sand  succeeded  at  170  feet,  and  this  gradually  became  coarser  and  mixed 
with  fragments  of  quartz  and  felspar  to  a  depth  of  180  feet.  At  196  feet 
clay  impregnated  with  iron  was  passed  through,  and  at  221  feet  sand 
recurred,  cont-^ining  fragments  of  limestone  with  nodules  of  kankar  and 
pieces  of  quartz  and  felspar;  the  same  stratum  continued  to  340  feet,  and 
at  350  feet  a  fossil  bone,  conjectured  to  be  the  humerus  of  a  dog,  was  ex- 
tracted.* At  360  feet  a  piece  of  supposed  tortoise  shell  *  was  found,  and 
subsequently  several  pieces  of  the  same  substance  were  obtained.  At 
372  feet  another  fossil  bone  was  discovered,  but  it  could  not  be  identified, 
from  its  being  torn  and  broken  by  the  borer.  At  392  feet  a  few  pieces  of 
fine  coal,  such  as  are  found  in  the  beds  of  mountain  streams,  with  some 
fragments  of  decayed  wood,  were  picked  out  of  the  sand,  and  at  400  feet  a 
piece  of  limestone  was  brought  up.  From  400  to  481  feet  fine  sand,  like 
that  of  the  seashore,  intermixed  largely  with  shingle  composed  of  fragments 
of  primary  rocks,  quaitz,  felspar,  mica,  slate,  and  limestone  prevailed, 
and  in  this  stratum  the  bore  has  been  terminated.'' 

The  first  and  most  important  observation  to  be   made  on  the  foregoing 

facts  is  that  no  trace  of  marine  deposits  was  detected,  but  on  the  contrary 

there  ap[>ears  every  reason  for  believing  that  the  beds  traversed,  from  top 

to  bottom  of   the  borehole,  had  been  deposited  either  by  fresh  water,  or 

in  the  neighbourhood  of  an  estuary.  At  a  depth  of  30  feet  below  the 
surface,  or  about  10  feet  below  mean  tide  level,  and  again  at   382  feet, 

beds  of  peat  with  wood  were  found,  and  in  both  cases  there  can  be  but 
little  doubt  that  the  deposits  prove  the  existence  of  ancient  land  surfaces. 
The  wood  in  the  upper  peat  beds  was  examined  by  Dr.  Wallich  and  found 
to  be  of  two  kinds,  one  of  which  was  recognised  as  belonging  to  the  sundri 
tree  [Heritiera  Itttoralis)^  which  grows  in  abundance  on  the  muddy  flats 
of  the  Ganges  delta,  the  other  probably  as  the  root  of  a  climbing  plant 
resembling  Briedelia.  Moreover,  at  considerable  depths,  bones  of  terres- 
trial mammals  and  f!uviatile  reptiles  were  found,  but  the  only  fragments  of 
shells  noticed,  at  380  feet,  are  said  to  have  been  of  fresh  water  species. 

The  next  noteworthy  circumstance  is  the  occurrence  at  a  depth  of  175 
to  185  feet,  again  at  300  to  325,  and  again  throughout  the  lower  85  feet 
of  the  borehole,  of  pebbles  in  considerable  quantities.  Ihe  pebbles  in 
the  lower  portion  are  especially  mentioned  as  large,  and  their  size  is 
shown  by  the  circumstance  that  they  impeded  the  progress  of  the  bore, 
and  that  it  was  necessary  in  several  cases  to  break  them  up  before  they 


'  A  mminant  bone,  according  to  Dr.  Falc- 
oner; Lyell,  Principles  of  Geology,  London,  ed. 
1867, 1,  p.  479.  The  specimen  cannot  now  be 
found.    Figures  of  this  bone  are  given,  Jouf» 


As.  Soc.  Btng ,  VI,  234,  pi.  zviii,  (1837) »  &°<^ 
Calcutta  Jour.  Nat.  Hist,,  I.,  pi.  iz,  (1841). 
*  Figured  Jour,  As,  Soc.  Beng.^  VI,  321,  pL 
xzi ;  and  CaU,  Jour,  Nat,  Hist.,  I,  pi.  ix. 
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could  be  extracted,  so  that  it  may  be  fairly  inferred  that  they  were  at  least 
two  or  three  inches  across  (the  borehole  was  six  inches  in  diameter).  The 
greater  part  of  the  pebbles  were  clearly  derived  from  gneissic  rocks,  but 
some  fragments  of  coal  and  lignite  which  were  obtained  were  perhaps 
from  the  Damuda  series,  though  their  composition  indicates  the  probability 
that  they  were  derived  from  the  tertiary  or  cretaceous  coal  seams  of  the 
Assam  hills.^ 

The  peat  bed,  it  may  here  be  mentioned,  is  found  in  all  excavations 
around  Calcutta,  at  a  depth  varying  from  about  3o  to  about  30  feet,  and 
the  same  stratum  appears  to  extend  over  a  large  area  in  the  neighbouring 
country.*  A  peaty  layer  has  been  noticed  at  Port  Canning  on  the  Mutia 
(Mutlah),  35  miles  to  the  south-east,  and  at  Khulni,  in  Jessor,  80  miles 
east  by  north,  always  at  such  a  depth  below  the  present  surface,  as  to  be 
some  feet  beneath  the  present  mean  tide  level.  In  many  of  the  cases 
noticed,  roots  of  the  ^M«£//*/' tree  were  found  in  the  peaty  stratum.  This 
tree  grows  a  little  above  ordinary  high  water  mark  in  ground  liable  to 
flooding,  so  that  in  every  instance  of  the  roots  occurring  below  the  mean 
tide  level,  there  is  conclusive  evidence  of  depression.  This  evidence  is 
confi  rmed  by  the  occurrence  of  pebbles,  for  it  is  extremely  improbable 
that  coarse  gravel  should  have  been  deposited  in  water  80  fathoms  deep, 
and  large  fragments  could  not  have  been  brought  to  their  present  posi- 
tion unless  the  streams,  which  now  traverse  the  country,  had  a  greater 
fall  formerly,  or  unless,  which  is  perhaps  more  probable,  rocky  hills  existed 
which  have  now  been  covered  up  by  alluvial  deposits.  The  coarse 
gravels  and  sands  which  form  so  considerable  a  proportion  of  the  beds 
traversed  can  scarcely  be  deltaic  accumulations,  and  it  is  therefore 
probable  that  when  they  were  formed,  the  present  site  of  Calcutta  was 
near  the  margin  of  the  alluvial  plain,  and  it  is  quite  possible  that  a  portion 
oC  the  Bay  of  Bengal  was  dry  land.^ 

At  Lucknow  the  deepest  of  all  the  boreholes  in  the  Gangetic  alluvium 
was  driven  to  a  depth  of  1,336  feet  from  the  surface,  or  nearly  1,000  feet 
below  sea  level.  The  beds  passed  through  from  top  to  bottom  were  of  the 
same  character,  alternations  of  sand  and  sandy  silt,  with  occasional  bands 
of  kankar,  and  beyond  the  mention  of  coarse  sand  near  the  bottom  of  the 
borehole,  there  are  no  indications  of  an  approach  to  the  base  of  the  alluvial 


1  In  a  boring  recently  sunk  at  Chanierna* 
gore'  subangular  gravel  of  quartc  and  felspar 
was  met  with  at  about  150  feet.  The  felspar 
fragments  were  extremely  abundant  and  cannot 
have  travelled  any  great  distance.  This  in« 
dication  of  the  vicinity  of  rocks  exposed  at  the 
surface  is  interesting  in  connection  with  the 
hypothesis  of  the  reccn*  or'gin  of  the  outlet  of 
the  Ganges  into  the  Bay    of  Bergal,— fWr/7, 


P' 


2  Baird  Smith,  Jour,  As.  Soc.  Beng.,  IX,  686, 
(1840) ;  H.  F,  Blanford,  Jour.  As.  Sac,  Beng., 
XXXin,  154,  (1864).  See  also  notices  of  earlier 
hoT\ngs,Jour.  As.  SoC, Beng.,\l,  369, 649,  (i8;?3). 

'  But  whilst  the  'depression  of  nearly  j^oo  feet, 
probably  since  tertiary  times,  is  unmistakable 
in  the  neighbourhood  of  Calcutta,  the  signs 
of  elevation  within  the  same  epoch  in  Ori^sa, 
oti]y  roo  to  20  miles  distant  to  the  south-west* 


.  .«^  I  are  equally  ciistinct. 
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deposits.  Like  all  the  other  boreholes,  it  was  sunk  in  searcn  of  a  supply  of 
artesian  water,  and  apart  from  its  interest  in  showing  the  great  thickness  of 
the  alluvial  deposits,  it  is  important  as  proving  that  artesian  conditions  do 
prevail  under  the  IndoGangetic  plain.  After  the  surface  water  was  shut 
out,  a  water- bearing  stratum  was  struck  at  158  feet,  whose  water  stood 
at  61  feet  from  the  top  of  the  borehole ;  at  190  feet  another  was  met  with, 
and  the  water  stood  at  42  feet,  at  341  feet  the  water  rose  to  24  feet  from 
the  surface,  at  750  feet  to  13  feet,  at  783  feet  to  9  feet,  at  975  feet  to  2  feet 
from  the  top  of  the  borehole.  At  990  feet  and  1,040  feet  two  water  bear- 
ing strata  were  struck  in  which  the  pressure  was  less  and  the  water  sunk 
to  5  feet  from  the  top  of  the  boring,  but  at  1,141  feet  it  again  rose  to  within 
18  inches  of  the  top  and  at  1,189  feet  a  bed  of  quicksand  was  struck  from 
which  water  flowed  at  the  rate  of  10  gallons  per  minute  over  the  top  of 
the  casing,  itself  24  feet  above  the  mean  level  of  the  surrounding  plain.* 

There  is  very  little  of  interest  in  the  other  three  boreholes  that  have 
been  sunk  in  the  Gangetic  alluvium,  except  in  so  far  as  they  bear  on  the 
theory  of  the  origin  of  the  Himalayas,  as  will  be  mentioned  in  the  sub- 
sequent chapter. 

The  Agrd  borehole,  sunk  near  the  southern  margin  of  the  alluvium,  is  the 
only  one  which  traversed  its  whole  thickness  to  the  supporting  floor  of  rock. 
The  total  thickness  of  alluvial  deposits  passed  through  was  only  481  feet, 
composed  of  sand  and  sandy  clays  with  some  kankar,  the  uppermost  150 
feet  being  apparently  composed  to  a  considerable  extent  of  blown  sand,  as 
opposed  to  true  alluvial  deposits.* 

Umballa  is  on  the  watershed  of  the  I ndo- Gangetic  plain,  between  the 
Jumna,  which  flows  into  the  Ganges,  and  the  Sutlej,  a  tributary  of  the 
Indus.  The  locality  is  about  905  feet  above  the  sea,  and  20  miles  from  the 
base  of  the  Himalayas.  There  is  very  little  of  interest  in  this  borehole. 
The  depth  to  which  it  was  carried  was  insufficient  to  test  the  thickness 
of  the  alluvial  deposits,  and  it  ceased  200  feet  above  the  level  of  the  sea. 
No  mention  is  made  of  any  organic  remains  being  found,  but  their 
occurrence  could  not  be  anticipated,  as  they  occur  but  rarely  in  the  alluvial 
formations  of  the  Gangetic  plain.' 

The  borehole  at  Sab«al-ka-kot  is  only  four  miles  from  the  base  of  the 
hills,  and  by  far  the  greater  portion  of  the  beds  traversed  consist  of  sand 
and  pebbles,  clays  being  subordinate,  although  several  beds  were  met  with. 

The  rarity  of  organic  remains,  especially  in  the  older  alluvial  deposits, 
has  already  been  referred  to,  but  shells  are  occasionally  found,  belonging 
to  species  now  inhabiting  the  rivers  and  marshes  of  the  country.  An 
important  discovery  of  mammalian  remains  was  made  about  1830  in  some 

*  For  a  detailed  account  and  section  of  this 
borehole,  see  Rccotdi,  XXIII,  :6i,  (1890). 

*  For  detailed   section  see    Records,  XVIIl 


121,  (1B8.5). 

'  For  detailed  accounts,  see  T.  Login,  Quart 
your.  Gcol.  Soc,  XXVIII,  198.  (1872). 
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calcareous  shoals  of  the  Jumna.^  The  bones  were  chiefly  found  cemented 
together  with  substances  of  recent  origin,  such  as  fragments  of  weapons 
and  boats,  into  a  mass  of  concrete,  chiefly  formed  of  the  kankar  washed 
from  the  river's  bank,  but  in  two  cases  the  skeleton  of  an  elephant  was 
found  preserved  in  the  clay.  In  one  instance,  in  which  the  bones  were 
clearly  in  situ,  they  were  found  ^\  feet  above  the  highest  flood  mark, 
and  80  feet  below  the  summit  of  the  clay  cliff  formed  by  the  river,  and 
there  appears  no  reason  to  doubt  that  all  the  specimens  found  were 
originally  derived  from  the  clay.  The  following  species  have  been  re- 
cognised *  :— 


Sus,  sp. 

Bos  {Buhalus^  palceindicus. 

Bos,  sp. 

Ant  Hope,  sp. 

Cervus,  sp. 

Fish  and  crocodile  bones. 


Semftopiikecus,  sp. 

EUphas  namadicus. 

AfuSt  sp. 

Hippopotamus  {Tetraprotodon) 

palceindicus, 
Equus,  sp. 

Three  of  the  species,  all  that  have  hitherto  been  specifically  identified, 
are  found  in  the  Narbadi  alluvium  also,  whilst  the  only  genus  not  now 
found  wild  in  India  is  Hippopotamus ;  the  species  belong,  how.ever,  to  the 
same  subgenus  as  the  living  African  animal.  The  evidence  is  not 
sufficient  to  justify  any  decided  conclusions,  except  that  the  Jumna  clays 
must  have  been  deposited  in  the  same  posttertiary  epoch  as  the  Narbadi 
alluvium,  but  so  far  as  the  specific  identifications  go,  they  tend  to  indicate 
that  the  Jumna  fossils  are  newer  than  the  Narbadi  remains,  as  the  extinct 
type  Hexaproiodon  and  the  foreign  form  Bos  namadicus  have  not  been 
recognised  amongst  the  former. 

Some  bones  were  also  found  in  the  Betwi  river  in  Bundelhkand  and 
the  Bugioti  between  Mfrzjpur  and  Chanir,'  but  they  have  not  been 
identified. 


Before  proceeding  further  a  few  words  are  requisite  in  explanation 
of  a  word  which  it  will  be  found  necessary  to  use  occasionally  in  the 
following  pages  and  of  four  Hindi  terms  applied  in  the  Ganges  valley  to 
particular  kinds  of  alluvial  surface  which  require  notice,  because  they  will 
be  found  freely  used,  and  because,  with  perhaps  one  exception,*  they  have 
no  precise  equivalents  in  English. 

To   Anglo-Indians  it  is  quite  unnecessary  to  explain  the  meaning  of 
the    term    kankar^  but   the  explanation  may  be  of  son*e  use  to  European 

•  Sergeant  E.  Dean,  Jour,  As,  Soc,  Beng.,  IV,  •  ^our.  As.  Soe.  Beng.,  IV,  571,  (1835). 

fl6l,  (1835).  See  also  Falconer,  Quart.  Jour.  *  The    excepiion   is   kkddar,  which   corre- 

Ceol.  Soc,  XXI,  377,  (1865);  Palaeontological  sponds  to  the  English  word  strath.     The  Eng- 

Memoirs,  II,  p.  640.  lish  term  is,  however,  local  ;  its  exact  meaning 

'  Several  are  fiii^ured.  Jour.  As.Soe.  Beng.,  II.  is  far  from    commonly  known,  and  it  is  on(y 

pi.  zxv,  (1833)  i  ^^^  IV,  pi.  xxxiii,  (1835).  used  in  hilly  country. 
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students.     The  original  signification  of  the  word  is  gravel,  the  term  being 
applied  to  any  small  fragments   of   rock,    whether   rounded   or  not.     By 
Anglo-Indians,  however,  the  name   has  been  especially  used  for  concre- 
tionary carbonate  of  lime,  occurring,  usually   as  nodules,    in  the  alluvial 
deposits  of  the* country,    and  especially  in  the  older  of  these  formations. 
The  commonest  form  consists  of  small  nodules   of  irregular  shape,  from 
half  an  inch    to  three   or  four  inches  in  diameter,  composed  of  tolerably 
compact  carbonate  of  lime  within  and  of  a  mixture   of  carbonate   of  lime 
and  clay  without.^     The  more  massive  forms  are  a  variety  of  calcareous 
tufa,  which  sometimes  forms  thick  beds  in  the  alluvium,  and  frequently 
fills   cracks    in    the   alluvial   deposits,   or   in  older  rocks.*     In    the  beds 
of  streams  immense  masses  of  calcareous  tufa   are   often  found   forming 
the  matrix  of  a  conglomerate,  of  which   the   pebbles   are   derived   from 
the  rocks  brought   down   by   the   stream.     There   can   be   no  doubt  that 
the  kankar  nodules,  calcareous  beds,  and  veins  are  all  deposited  from  water 
containing  in  solution  carbonate  of  lime,  derived  either  from  the  decomposi- 
tion of  the  debris  of  older  rocks  of  various  kinds,  or  else  from  fragments  of 
limestone  and  other  calcareous  formations  contained  in  the  alluvium. 

iSArfi^r  is  the  slope  of  gravel  along  the  foot   of  the   Himalayas.   Com. 

pared  with  the  slopes  in  the  dry  regions  of  Central  Asia,  Tibet,  Turkist^n, 

Persia,  etc,  the  gravel  deposits  at  the   foot  of   the   great  Indian   ranges 

are  insignificant,  the  difference  in  height  between  the  top   and   bottom  of 

the  slope  nowhere  exceeding  1,000  feet.  This  difference  is  probably  partly 

doe  to  the  much  greater  rainfall  in  India,  and  to  streams  being  consequently 

able  to  carry  away  a  much  larger  proportion  of  the  detritus  washed  from  the 

surface  of  the  hills,  partly  also  to  the  circumstance  that    the   rocks   in  the 

lower  regions  of  the  hills  are  not  subjected  to  the  loosening  effects  of  frost. 

Streams  issuing  from  the  Himalayan  ranges  lose  a  part,  or  the  whole, 

of    their  water  by   percolation  through  the   gravel  in   the  bhdbar   region. 

'  The  following  analyses  will  give  a  fair  idea  of  the  usual  composition  of  nodular  kankar : — 
[  I,  Gh^zipur,  Prinsep, 'W^raw.  SeV   111,278,   (1831);   2,3,  4.  R^nfginj,  I>ejoux,   Re- 
cords,   VII,  123,   (1874)  ;— 5,   Barmuri;— 6,  Rdmnagar ; — 7,  Sanktoria,   all   near 
Rdnfganj,  Tween,  ibid  ; — 8,  9>  Sahdranpur,   Thomson,    Rurki   Treatise  on  Civil 
Engineering,  I,  p.  115.] 
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See  the  account  by  Captain  E.  Smith  of  I  Soe.  Beng.^  II,  622,  (1833);  also  Newbold,  Jour, 
^^    Icankar   in  the  Jumna  alluvium,  Jour,  As.  \  Roy.  As.  Soc,  VlII,  258,  (1846}. 
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The  whole  tract  in  its  original  condition  is  covered  with  hi«»:h  forest,  in 
which  the  sdl  (Sfiorea  robusta)  prevails.  At  the  base  of  the  slope,  much 
of  the  water  which  has  percolated  the  gravel  re-issues  in  the  form  of 
springs ;  the  ground  is  marshy,  and  high  grass  replaces  the  forest  This 
tract  is  the  tardt\  a  term  not  unfrequently  applied  to  the  whole  forest-clad 
slope  at  the  base  of  the  Himalayas,  known  also  as  morung  in  Nepdl. 


g&^^^^^^^^^^^^^^^^ 


Pig.  22. — Diagram  illustrating  the  relations  of  BhAbar  and  Tardi. 

The  alluvial  plain  itself,  in  the  North-West  Provinces  especially,  is  com- 
posed of  bhdngar  or  high  land,  the  flat  of  older  alluvium^  now  at  a  consid- 
erable elevation  above  the  rivers  which  traverse  it,  and  khddar  or  low 
land,  the  low  plain  through  which  each  river  flows.  The  latter  has 
evidently  been  cut  out  from  the  former  by  the  streams.  It  is  of  variable 
width,  and  is  annually   flooded. 

In  the  upper  provinces  the  high  banks  of  the  rivers  are  frequently 
capped  by  the  hills  of  blown  sand,  known  in  the  North-West  Provinces 
as  bhtir.  This  is  the  extreme  form  of  a  rather  important  element 
in  the  formation  of  Indian  river  channels,  and  the  same  result  in  a  less 
marked  form  may  be  traced  in  a  rather  sandy,  raised  bank,  along  the 
course  of  many  large  rivers  down  to  the  limits  of  tidal  action  in  the 
deltas.  In  the  lower  parts  of  the  river  plains  this  bank,  which  is  above  the 
flood  level  and  is  usually  selected  for  village  sites,  intervenes  between 
the  river  channel  proper  and  the  marshy  ground  liable  to  annual  floods 
on  each  side,  the  communication  between  the  two  latter  being  kept  up  by 
numerous  creeks.  The  origin  of  the  bhiiK  land,  or  raised  bank,  is  the 
following.  During  many  months  of  the  year,  and  especially  in  the  hot 
season,  strong  winds  arise,  frequently  of  a  very  local  character,  and  some- 
times apparently  almost  confined  to  the  river  channels.  'Ihese,  in  the  dry 
season,  are  plains  of  loose  sand,  often  two  or  three  miles  across  and  some- 
times wider,  of  which  the  river  usually  occupies  not  more  than  a  fourth. 
The  wind  on  the  Indus  and  Ganges  frequently  blows  in  nearly  the  same 
direction  as  the  river  channel.  Such  winds  are  especially  prevalent  about 
midday  and  in  the  afternoon,  and  their  effect  in  transporting  the  sands  of 
the  river  bed  is  so  great  that  the  atmosphere  becomes  too  thick  for 
objects  a  few  yards  distant  to  be  seen.  All  who  have  been  in  the  habit  of 
navigating  Indian  rivers  must  have  noticed  the  prevalence  of  these  sand 
storms.  They  are  so  marked  that,  where  large  sand  banks  exist  to  windward 
of  the  river,  it  is  often  impracticable  for  vessels  to  continue  their 
course,  except  in  the  morning  before  the  wind  arises,  or  in  the 
evening,  when  the  motion  of  the  air  has  diminished.     Much  of  the  sand 
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raised  by  the  wind  falls  again  in  the  bed  of  the  river,  but  quantities  must 
fall  upon  the  banks  in  the  immediate  neighbourhood,  where  the  deposit  is 
retained  by  vegetation  and  gradually  consolidated  into  a  firm  bank.  It 
is  only  where  the  quantity  of  sand  is  greater  that  blown  sand  hills  are 
formed.  The  original  raising  of  the  river  bank  to  the  flood  level  is  due  to 
the  deposition  of  silt  in  a  manner  whirh  will  be  explained  presently  when 
treating  of  deltaic  accumulations,  but  the  elevation  of  the  immediate 
neij^hbourhood  of  the  river  bed  above  the  reach  of  the  highest  floods  is 
due  to  the  deposit  of  sand  by  the  wind. 


To  enter  at  length  into  the  various  peculiarities  of  land  surface*  which 
are  found  in  different  parts  of  the  great  plain  of  northern  India  would  be 
far  beyond  the  scope  of  the  present  work.  A  brief  account  of  the  principal 
characters  must  suffice.  The  whole  region  may  be  roughly  divided  into 
five  great  tracts,  each  possessing  marked  peculiarities.  These  are,  com- 
mencing to  the  eastward  :— 

1.  The  Brahmaputra  valley  in  Assam. 

2.  The  delta  of  the  Ganges  and  Brahmaputra. 

3.  The  plains  of  upper  Bengal  and  the  North- West  Provinces. 

4.  The  Punjab. 

5.  The  lower  Indus  valley  and  delta. 

The  Assam  valley  is  a  gigantic  khddar^  or  strath,  the  greater  portion 
being  liable  to  flooding  and  consequently  not  in  a  habitable  state.  There, 
are,  however,  higher  tracts  here  and  there,  sometimes  mere  mounds, 
rising  a  little  above  the  general  level,  and  sometimes  small  plains,*  which 
may  be  considered  as  representing  the  extensive  bhdngar  of  the  Gangetic 
plain.  Along  the  foot  of  the  hills  are  gravel  deposits,  but  they  do  not 
appear  to  be  very  extensive. 

The  quantity  of  silt  carried  down  by  the  Brahmaputra  is   very  great, 

far  greater  than   in  the  Ganges.     The  comparative  backwardness  of  the 

river  valley,   as  shown   by  the   small  amount  of  habitable    land,  is  sur« 

prising,  since  it  is  evident  that  the  river  is  occupied  in   rapidly  raising  its 

plain  by  deposits  of  silt,  and  the  necessary  inference   is  that  the  alluvial 


'  The  following  papers  may  be  consulted  for 
Huier  accounts : 

For  Assam—  Memoirs^  IV,  437,  ( 1 865) ;    VII, 
»S5,  (1869). 

For  Lower  Bengal  and  tl«e  delta — Mr.  Fer- 
^usson*s  paper.  Quart,  Jour,  Geol.  Soc.^  XIX, 
3^1.  (1863);  alsD  Colebrooke,  As.  Res.,  VII, 
t.  (1801)  ;  and  Rennell,  PAi7.  Trans,,  LXXI,87, 
C1781). 

For  the  plains  of  Upper  India— ^^rorrfj,  VI, 
^,(1873);  Sir  1\  Cautley,  Ganges  Canal,  Lon- 


don, i860,  I,  pt.  ii ;  Falconer,  Quart,  Jour. 
GeoLSoc,  XXI,  372,  (1865);  Login,  Quart. 
Jour.  Geol,  Soc.,XXVUh  186,  (1872);  H.  B. 
Medlicott,  Records,  XIV,  205,  (1881);  XVI, 
20S»(i883);   XVIII,  112,  (188s). 

For  the  Punjab— Sketch  of  the  Geology, 
Punjab  Caaetteer^  Provincial  volume,  i889> 
p.  22. 

«  Afemmrs,  IV,  438,  (1865).  One  of  these 
plains  is  described  by  Major  Godwin-Austen, 
your.  A$,  Soc.  Beng.,  XLIV,  pt.  ii,  40,  (1875). 
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plain  of  Assam,  in  its  present  form,  is  not  only  of  later  date  than  the 
Gangetic  plain,  but  absolutely  newer  than  many  portions  of  the  Ganges 
delta.*  The  difference  may  be  due  to  a  depression  of  the  lower  part  of 
the  Brahmaputra  valley  in  Assam,  to  an  elevation  of  the  delta,  or  to  a 
great  increase  in  the  supply  of  water.  The  second  theory  is  distinctly 
disproved  by  the  general  evidence  of  subsidence  in  the  delta,  and  the 
third  is  improbable ;  the  evidence  is  therefore  rather  in  favour  of  the 
Brahmaputra  valley  in  Assam  having  been  an  area  of  subsidence  in  a 
relatively  late  geological  period.  As  will  be  shown  presently,  there  is 
some  additional  evidence  in  favour  of  this  view  within  the  delta  itself. 

The  limits  of  the  delta,  or  the  places  where  the  rivers  first  bifurcate  and 
commence  to  give  off  disturbances,  are  between  Rijmahil  and  Murshiddbid 
0!i  the  Ganges,  and  on  the  Brahmaputra  opposite  the  south-west  corner  of 
the  Giro  hills.  But  for  a  considerable  distance  above  the  actual  delta  the 
rivers  flow  through  a  broad  plain  of  low  ground,  a  large  area  of  which  is 
liable  to  flooding,  and  consequently  to  the  deposition  of  silt.  The  delta  is, 
in  fact,  the  natural  continuation  of  the  khddar,  or  alluvial  flat  in  the  upper 
portion  of  the  river's  course,  and  this  khadar  becomes  broader  before  it 
expands  into  the  delta. 

By  far  the  best  description  of  the  Ganges  delta,  of  the  changes  it  is 
undergoing,  and  of  the  action  of  the  rivers  in  raising  the  land  by  the 
deposition  of  silt,  is  that  of  Mr.  Fergusson.*  He  has  shown  that  rivers 
oscillate  in  curves,  the  extent  of  which  is  directly  proportional  to  the 
quantity  of  water  flowing  down  the  channel.  Thus,  the  oscillations  of  the 
Ganges  where  broadest  (7,000  feet  in  the  low  season)  between  Monghyrand 
Rdjmahdl,  average  9J  miles  in  length  ;  where  it  contains  less  water,  and  is 
only  half  the  breadth  (3,500  feet),  between  Allahib^d  and  Chandr,  the 
oscillations  are  37  miles  long;  in  the  Bhdgfrathf, where  it  averages  1,200  feet 
in  breadth,  the  length  of  the  oscillations  is  i  '5  miles  ;  and  in  the  Mit^bhingi, 
where  only  500  feet  broad,  the  length  of  each  oscillation  becomes  only  half  a 
mile.*  The  next  point  which  he  notices  is  well  known,  the  tendency  of 
rivers  to  raise  their  banks,  but  the  explanation  is  partly  novel.  When  the 
whole  country  is  covered  with  water,  moving  rapidly  towards  the  sea  in 
the  river  channels,  and  stationary  throughout  the  intervening  marshes  the 
dead  water  of  the  marshes  prevents  the  floods  of  the  rivers  from  break- 
ing out  of  the  channels,  and,  by  stopping  the  course  of  the  silt  charged 
water  along  the  edges  of  the  creeks  and  streams,  forces  it  to  deposit  the 

^  For  a  full  discussion  see  Pergussont  Quart.  h4ti  to  be  only  about  100  feet  above  the 
Jour.  Geol,  Soc,  XIX,  330,  (1863).  It  should,  sea,  instead  of  163,  the  maximam  flood-Ierel 
however,  be  noticed  that  Mr.  Fergusson  was  led  since  determined  by  the  Great  Trigonome- 
by  some  published  barometrical  observations,     trical  Survey. 

now  shown  to  have  been  insufficient,  to  suppose     *  Quart,  Jour.  Geol.  Soc,  XIX,  321-54,  (1863). 
the  level   of  the  Brahmaputra  valley  at  Gau-  |  «  Quart,  Jour.  C^ol.  Soc,  XIX,  ^H.  (^^3)- 
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sediment  it  has  in  suspension.  Hence  gradually  arises  a  system  of  river 
channels,  traversing  the  country  in  many  directions,  between  banks  which 
are  higher  than  the  intervening  flats,  and  these  flats  form  persistent 
marshes,  known  in  the  Ganges  delta  as  jhils  or  bhils} 

Each  river  frequently  changes  its  precise  course,  the  smallest  alteration 
in  its  channel  having  an  effect  which  is  felt  for  many  miles  above  and 
below.  So  that,  just  as  the  oscillations  of  a  denuding  stream  produce 
a  low  alluvial  flat  between  high  banks,  the  curves  of  a  ilepositing  river 
gradually  form  a  high  alluvial  flat,  raised  above  the  surrounding  country. 
In  course  of  time  this  raised  tract  is  abandoned  by  the  main  river  for  the 
lower  ground  at  the  side,  and  the  river  bed  is  either  filled  up  by  silt,  or, 
if  near  the  sea,  converted  into  a  tidal  creek. 

The  present  Bengal  delta,  therefore,  comprises  a  large  area  in  which 
the  ground  has  been  raised  above  the  general  flood  level,  through  having 
been  traversed  by  the  main  branches  of  the  Ganges  in  past  times.  Such 
is  the  case  in  the  country  north  of  Calcutta,  The  eastern  part  of  the 
delta  is  more  backward,  the  marshes,  or  jhils,  are  more  extensive,  and  the 
banks  of  the  streams  less  consolidated,  and  this  is  now  the  great  deposit- 
ing area.  But  large  tracts  of  low  country,  such  as  the  salt  lake  near 
Calcutta,  are  found  in  the  western  area  also.  The  remarkable  struggle 
which  takes  placebetvveen  the  Ganges  and  Brahmaputra,  each  tending, 
by  raising  the  neighbourhood  of  its  channel,  to  drive  back  the  other,  and 
to  gain  possession  of  a  larger  tract  of  delta,  is  most  vividly  told  by 
Mr.  Fergusson,  but  is  too  long  for  extract  here.  Mr.  Fergusson  refers 
many  of  the  more  modern  changes  in  the  delta  to  the  upheaval  of  the  ele- 
vated tract  known  as  the  Midhupur  jungle,  which  had  the  effect  of  divert- 
ing the  Brahmaputra  to  the  eastward  into  the  Sylhet/A/'/j,  where  the  silt  of 
the  river  was  deposited.  The  result  was  that  scarcely  any  sediment  found 
its  way  to  the  sea  by  the  Meghni,  the  great  estuary  of  all  the  Sylhet  rivers, 
and  hence  the  sea  face  of  the  delta  to  the  eastward  curves  back  in  the  form 
of  a  gulf.  The  gap  was  much  greater  at  the  commencement  of  the  present 
century,  but  about  that  time  the  Brahmaputra  having,  by  the  deposit  of  silt, 
greatly  raised  the  portion  of  the  Sylhet  jhils  into  which  it  flowed 
changed  its  course  completely  in  the  course  of  a  few  years,  and  instead 
of  flowing  to  the  east  of  the  Midhupur  jungle,  cut  out  a  new  channel  to 
the  west  of  the  raised  tract.  Since  its  change,  of  course,  the  Brahmaputra 
has  been  brought  much  nearer  to  the  main  stream  of  the  Ganges,  and 
the  two  rivers  are  now  depositing  silt  so  rapidly  on  the  eastern  sea  faccr 
of  the  delta,  that  great  changes  are  taking  place,  and  new  islands  are 
rapidly  forming,  whilst  the  western  portion  of  the  deltaic  coast  line, 
through  which  but  a  small  portion  of  the  flood  water  of  the  great  rivers 
finds  its  way  to  the  sea,  has  undergone  but  little  change  since  it  was 
first  surveyed  in  the  last  century. 

'  The  former  lerm  is  Hindi,  the  lalter  Bengali. 


442  GEOLOGY    OF   INDIA — INDO-CANGIH IC    PLAIN.        [Qhap.  XVIL 

In  the  sea  outside  the  middle  of  the  delta  there  is  a  singularly  deep 
area,  known  and  marked  on  charts  as  the  '*  Swatch  of  no  ground/'  in 
which  the  soundings,  which  are  from  5  to  lo  fathoms  all  around,  change 
almost  suddenly  to  200  and  even  300  fathoms.  This  remarkable  depres- 
sion runs  north  and  south,  and  has  been  referred  to  a  local  sinking,  but 
it  appears  more  probable,  as  has  been  shown  by  Mr.  Fergusson,  that  the 
sediment  is  carried  away  from  the  spot,  and  deposition  prevented,  by  the 
strong  currents  engendered  by  a  meeting  of  the  tides  from  the  east  and 
west  coasts  of  the  Bay  of  Bengal.  Mr.  Fergusson  also  shows  that,  so 
long  as  the  Bay  of  Bengal  has  preserved  its  present  form,^  the  meeting  of 
the  tides  must  have  favoured  the  formation  of  a  spit  of  sand  along  the 
present  position  of  the  Sundarbans,  as  the  lower  portion  of  the  Ganges 
delta  is  called,  and  that  any  great  deposit  of  silt  to  seaward  of  the 
present  line  is  impeded  by  the  fine  sediment  being  ws^hed  away  by  the 
tidal  currents,  and  deposited  in  the  deeper  parts  of  the  Bay. 

In  spite  of  all  that  has  been  written  on  this  subject  the  origin  of  the 
swatch  of  no  ground  has  by  no  means  been  cleared  up.  A  very  similar 
depression  has  been  shown  to  exist  in  the  bed  of  the  shallow  sea  off  the 
Indus  delta  and  the  cause  in  both  cases  has  probably  been  the  same,  a 
combination  of  an  excess  of  subsidence  with  a  deficiency  of  sedimentation, 
the  latter  due  to  the  action  of  surface  currents  in  sweeping  away  the  silt- 
laden  waters.  It  is  not  in  accordance  with  what  we  know  to  suppose  that 
at  such  depths  as  we  are  there  dealing  with,  there  can  be  any  currents  of 
sufficient  velocity  to  account  for  the  depression  by  actual  erosion. 

The  chief  point  in  the  above  theory  to  which  exception  might  be  taken 
is  the  question  of  whether  the  elevation  of  the  Mddhhupur  jungle  is  suffi- 
ciently recent  to  account  for  the  changes  in  the  course  of  the  Brahmaputra 
river.  This  tract  of  country  is  composed  of  a  red,  iron  stained,  clayey  soil, 
in  which  accummulations  of  pisolitic  concretions  of  oxide  of  iron  are  found 
and  worked  in  places  as  an  iron  ore.  The  clay  is  of  the  same  type  pre- 
cisely as  the  older  alluvium  of  the  Brahmaputra  and  lower  Gan^'^es  valleys. 
There  seems  little  room  for  doubt  that  this  is  really  a  region  of  special  ele- 
vation, for  were  we  to  suppose  that  it  is  part  of  the  old  surface  of  the  delta, 
left  standing  at  its  former  level  while  the  surrounding  area  was  depressed, 
the  height  of  its  ground  level,  which  rises  to  too  feet  above  the  general 
level  of  the  delta  outside  the  Mddhupur  jungle,  would  necessitate  a  much 
greater  extension  of  the  delta  into  the  Bay  of  Bengal  than  there  seems 
any  ground  for  supposing  to  have  ever  been  the  ca.«e.  The  steeply  scarped 
western  face  and  the  gentle  fall  to  the  level  of  the  delta  on  the  east  show 

*  This  is  probably  not  so  old  as  pliocene,  since  the  close  of  the  Siwdlik  epoch,  that 
because  such  gigantic  disturbance  has  taken  the  shape  of  the  northern  part  of  the  Bajr  of 
place  thioi:ghoui  the  Assam  hills  ai.d  Aiakan,     Bengal  must  have  changed  grea'Jy. 
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that  the  elevated  area  must  once  have  been  more  extensive  than  it  now  is 
and  that  the  western  half  has  been  washed  away  by  the  rivers  that  im- 
pinged upon  it,  while  the  deeply  eroded  undulating  nature  of  its  surface 
shows  that  it  has  been  raised  above  the  flood  level  of  the  rivers  and  so 
subject  to  denudation  for  too  long  a  period  to  make  it  probable  that 
the  diversion  of  the  Brahmaputra  river  to  the  east  was  entirely  due  its 
elevation. 

Whether  the  elevation  of  the  Midhupur  jungle  was  anterior  to,  or  con- 
temporaneous with,  the  depression,  which  it  is  difficult  to  suppose  has  not 
taken  place  in  the  area  occupied  by  the  Sylhet  jhils,  it  is  impossible  to 
say,  but  the  latter  would  in  itself  have  been  sufficient  to  account  for  the 
diversion  of  the  Brahmaputra  to  the  east  of  the  Mddhupur  jungle,  and  was 
probably  its  principal  determining  cause. 

An  interesting  point  to  determine  in  this  connection  is  the  date  of 
origin  of  the  delta  of  the  Ganges.  Reference  has  already  been  made  to 
the  fact  that  the  plateau  of  the  Assam  range  forms  structurally  part  of 
the  Peninsula  of  India,  and  to  the  presence  of  recks  of  peninsular  type 
north  of  the  Brahmaputra  valley.  Moreover,  the  upper  tertiary  deposits 
south  of  the  Assam  range  differ  from  those  at  the  foot  of  the  Himalayas, 
so  far  as  the  latter  are  known,  in  being  partly  of  marine  origin,  and  as 
will  be  shown  further  on,  the  formation  of  the  depression  occupied  by 
the  Gangetic  alluvium  was  mo^t  probably  an  integral  part  of  the  oper- 
ations which  resulted  in  the  elevation  of  the  Himalayas.  In  the  same 
way  it  is  probable  that  the  transverse  depression,  through  which  the  Gan- 
getic drainage  now  finds  its  way  to  the  sea,  may  have  been  formed  at  the 
close  of  the  tertiary  period  pari  passu  with  the  elevation  of  the  Tipperah 
hills. 

There  is  some  direct  evidence  in  favour  of  the  more  recent  origin  of 
the  Gangetic  outlet  in  the  presence  of  closely  allied  species  of  dolphins 
in  the  Ganges  and  Indus  rivers,  of  a  very  different  generic  type  from  the 
cetacean  inhabiting  the  Irawadi.  These  two  species  must  be  descended 
from  a  common  ancestor  which  acquired  a  fresh  water  habitat,  and  the 
differentiation  of  the  Indus  and  Gangetic  species  have  arisen  from  a  sub- 
sequent separation  of  the  drainage  areas. ^  The  changes  in  the  course  of 
the  drainage  over  what  is  now  the  watershed  region,  which  will  be  referred 


'  The  occurrence  o.f  allied  forms  of  porpoise 
or  dolphin  in  the  Ganges  and  Indus,  and  the 
circumstance  that  the  peculiar  genus  living  in 
these  rivers  is  unknown  elsewhere  (the  ceta- 
cean inhabiting  the  Irawadi  being  of  a  very 
different  generic  type)  have  attracted  the 
attention  of  naturalists  already.  The  ova  and 
young  of  fish  are  not  difficult  of  transport,  and 
a  very  trifling  accident  might  place  a  pool  of 
water  to   which  the  fish   of     one  river   have 


gained  access  in  communication  with  the 
other  stream.  Crocodiles  and  river  tortoises 
can  live  for  a  long  time  out  of  water,  and  have 
considerable  powers  of  migration  on  land, 
but  dolphins  are  confined  to  the  rivers,  and 
could  neither  live  in  a  shallow  pool,  nor 
traverse  dry  land.  The  existence,  therefore, 
of  closely  allied  species,  doubtless  derived 
from  a  common  ancestor,  in  two  distinct 
rivers,   is  a  very   striking   fact.     Mr.    Murray 
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to  further  on,  though  they  opened  water  communication  between  the  Indus 
and  Ganges  rivers,  probably  did  so  only  in  the  torrential  region,  which  is 
not  frequented  by  the  dolphins,  and  the  difference  existing  between  the 
two  species  indicates  a  more  prolonged  separation  than  could  have  been 
the  case  had  there  been  migration  from  one  drainage  area  to  the  othen 
when  they  were  put  into  communication  with  each  other  by  the  wanderings  of 
the  rivers  near  the  present  limits  of  the  two  drainage  areas.  We  are  conse- 
quently driven  to  suppose,  either  that  the  two  closely  allied  species  originated 
independently  of  each  other,  which  is  extremely  improbable  to  say  the  least, 
or  that  the  great  bulk  of  the  HinicLlayan  drainage  once  found  its  way  to  the 
sea  by  a  single  delta,  instead  of  two,  and  this  must  have  been  either  at  the 
head  of  the  Arabian  sea,  or  of  the  Bay  of  Bengal.  The  indications  of  the 
sea  having  extended  up  the  Indus  valley  within  the  recent  period,  and  the 
absence  of  any  similar  indications  in  the  delta  of  the  Ganges,  make  it 
probable  that  the  former  was  the  original  outlet  of  the  drainage,  and  that 
the  formation  of  the  gap  between  the  Rijmahal  and  Garo  hills,  and  of 
the  Gangetic  delta,  is  geologically  of  recent  date. 

On  the  western  edge  of  the  delta  in  Bengal  there  is  a  large  area  of 
older  alluvium,  whose  surface  is  slightly  undulating,  evidently  in  conse- 
quence of  denudation.  This  tract,  which  is  continuous  with  the  alluvial 
area  of  the  east  coast,  comprises  the  greater  portion  of  the  country  to  the 
westward  of  the  BhigircLthi  and  Hughlf,  and  probably  owes  its  comparative 
elevation   to  the  deposits  from  the  Mor,  Adjai,  and  D^modar  rivers. 

The  great  plain  of  Northern  India  is  the  area  of  an  alluvial  deposit  older 
than  that  of  the  delta,  and  the  greater  portion  of  the  area  is  composed  of 
6/idNgar\sLVid,  through  which  the  rivers  cut  their  khddar  valleys  at  depths 
of  from  50  to  200  feet  below  the  general  level.  The  bhdngar  surface,  as 
a  rule,  is  nearly  flat,  but  is  much  cut  up  by  ravines  in  the  neighbourhood 
of  the  rivers. 

The  question  as  to  whether  the  great  rivers  are  on  the  whole,  raising  their 


(Geographical  Distribution  of  Mammals, 
P-  213)  proposed  an  ingenious  hypothesis  to 
account  for  the  phenomenon.  He  considered 
that  the  plain  of  upper  India  was  once  an 
arm  of  the  sea,  that  it  was  cut  ofF  by  the  rise 
of  the  coast  in  Sind  and  Cutch,  and  gradually 
converted  into  a  brackish,  and  then  a  fresh 
water  lake,  discharging  itself  by  the  Ganges, 
that  meantime  the  marine  dolphins  inhabiting 
the  sea  had  gradually  become  adapted  to  the 
changed  conditions,  and  had  in  fact  become 
Platanista.  He  then  supposes  that  the 
Ganges  was  cut  off  from  the  lake,  which  over- 
flowed again,  and  this  time  into  the  Arabian 


Sea,  the  dolphins  of  the  Ganges  and  Indus 
being  specialised  during  the  change.  It  woald 
be  unnecessary  to  refer  to  this  hypothesis, which 
of  course  is  little  more  than  a  suggestion,  bat 
for  the  large  amount  of  support  the  idea  has 
received  from  naturalists.  It  is  of  course 
foreign  to  the  purpose  of  the  present  work  to 
discuss  the  genesis  of  Platanista^  but,  as  will 
be  shown,  the  geological  phenomena  of  the 
Indo-Gangetic  plain  do  not  bear  out  Mr. 
Murray's  hypothesis,  which,  it  should  be  stated, 
was  never  proposed  as  a  geological  theory,  but 
merely  as  illustrative  of  the  possible  mode  of 
origin  of  allied  species. 
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beds  by  a  deposit  of  silt,  or  cutting  their  channels  deeper,  has  been  much 
discussed  without  leading  to  any  definite  conclusions.  The  abrupt  scarps 
by  which  ihe  bhdngar  is  n6t  unfrequently  terminated,  and  the  defined 
limits  of  the  khddar^  clearly  prove  that  the  latter  has  been  at  some  time  or 
other  an  area  of  denudation,  but  it  is  not  easy  to  tell  whether,  at  the  pre- 
sent time  in  any  given  stream,  the  tendency  is  to  raise  or  lower  the 
general  khddar  level.  It  is  also  by  no  means  so  evident,  as  might  at 
first  sight  be  supposed,  whether  the  bhdngar  land  generally  is  an  area  of 
denudation  or  of  deposition,  although  this  can,  as  a  rule,  be  easily  seen 
in  each  particular  area.  Thus  the  minor  hill  streams  from  the  lower  ranges 
of  the  Himalayas  between  the  Sutlej  and  Jumna  must  deposit  sediment,  for 
they  cease  within  the  area,  whilst  between  the  Jumna  and  the  Ganges  nu- 
merous streams  rise  in  the  bhdngar^  and  they  must  be  denuding  agents. 
In  the  neighbourhood  of  the  khddar^  bhdngar  land  is  frequently  cut  into 
by  ravines,  which  prove  conclusively  that  the  surface  of  the  country  is  being 
washed  away,  but  all  such  marks  of  rain  action  cease  at  no  great  distance 
from  the  low  ground,  and  the  principal  secondary  streams,  instead  of  run- 
ning from  the  upland  bhdngar  by  the  nearest  route,  at  right  angles,  or 
nearly  at  right  angles  to  the  main  river,  usually  pursue  a  nearly  parallel 
course  down  the  middle  of  each  dodb}  or  triangular  area  between  two 
principal  streams. 

As  the  velocity  of  the  rivers  where  they  leave  the  hills  is  much  greater 
than  in  the  alluvial  plains,  there  must,  so  long  as  diminution  takes  place  in 
velocity  of  the  water  when  th^  river  is  carrying  as  much  earthy  matter  as 
it  can  transport,  be  a  continuous  deposition  of  detritus,  and  a  gradual 
raising  of  the  area  flooded  by  the  .stream.  This  is  the  case  even  in  the  larger 
rivers  which  carry  a  considerable  body  of  water  at  all  times,  while  the 
effect  of  the  small  streams,  which  dry  up  more  or  less  for  a  great'portion 
of  the  year,  but  are  converted  into  muddy  torrents  charged  with  coarse 
sediment  during  the  heavy  rains  of  the  summer  monsoon,  is  necessarily  to 
raise  the  surface  of  each  dodb^  especially  in  the  neighbourhood  of  the 
hills,  and  to  produce  floods  from  which  finer  sediment  is  deposited  on  the 
surface  of  the  bhdngar  land.  Whether  the  addition  thus  produced  is,  on 
the  whole,  greater  than  the  wasting  of  the  surface  from  rain  is  a  question 
which  it  is  impossible  to  decide  throughout  a  great  part  of  the  country. 

One  question,  which  presents  itself,  is  the  necessity  of  accounting 
for  the  rivers  now  cutting  their  channels  at  a  level  considerably  below 
that  of  the  alluvial  bhdngar  flat,  because  this  flat  must,  at  all  events 
in  the  neighbourhood  of  the  khddar^  have  been  deposited  by  streams 
from  the  same  drainage  area,  at  a  period  when  the  main  river  ran 
at  a  comparatively  higher  level.     1  he  change  may  be  due  to  a  general 


*  A  Persian  word,  meaning '  two  waters,'  and 
applied  to  the   confluence   of  two  rivers,    as 


well  as  to  the  land  intervening  between  them> 
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elevation  of  the  upper  Gangetic  plain,  or  to  a  depression  in  the  deltaic 
region.  Of  the  former  there  is  no  evidence,  of  the  latter,  as  shown  by 
the  result  of  the  Calcutta  borehole,  there  is  ample  proof,  and  it  is  there- 
fore quite  possible  that  in  early  posttertiary  times,  when  the  animals 
lived,  whose  remains  are  found  in  the  Jumna  alluvium,  the  area  of  the 
Ganges  delta  had  been  raised  to  a  considerably  higher  level  than  it  occu- 
pies at  the  present  time.  Colonel  Greenwood  has  shown^  that  the  deposit 
of  silt  in  river  valleys  must  take  place  backward,  that  the  lowest  portion 
of  the  slope  must  be  first  raised,  and  that  the  check  thus  given  to  the  flow  of 
water  will  cause  silt  to  be  deposited,  so  as  to  raise  the  alluvial  plain  further 
up  the  course  of  the  river,  and  if  no  change  of  level  takes  place,  the  gra- 
dual elevation  of  the  Ganges  delta  by  silt  deposit  will  ultimately  react  on 
the  higher  portions  of  the  valley  until  the  rivers  once  more  deposit  allu- 
vium on  the  high  bhdngar  land,  provided  always  that  this  has  not  been 
raised  so  much  as  to  render  the  slope  to  o  great  for  the  rivers  to  be 
depositing  agents. 

One  point  of  interest  has  been  explained  by  Mr.  Fergusson  in  the 
paper  so  often  mentioned.  A  glance  at  the  map  will  show  that  the 
Ganges  from  Allahelbdd  to  R^jmah^l,  and  the  Jumna  from  Delhi  to  Alla« 
h^bdd,  flow  close  to  the  southern  margin  of  the  great  alluvial  plain.  This 
is  due  to  the  enormous  quantity  of  silt  brought  down  by  the  Himalayan 
rivers,  and  the  comparatively  small  supply  furnished  by  those  streams 
which  debouch  into  the  Ganges  valley  from  the  southward.  The  northern 
portion  of  the  plain  has  consequently  been  raised,  and  the  main  drainage 
of  the  whole  forced  to  find  its  way  as  close  to  the  hills  of  the  southern 
margin  as  it  can.  During  this  process  the  courses  of  the  tributary  rivers 
running  from  the  northward  have  been  driven  westward,  and  the  con- 
fluence of  these  tributaries  with  the  main  stream  of  the  Ganges  has  been 
shifted  upwards  along  the  course  of  the  main  river,  owing  to  the  tendency 
of  the  streams  to  deposit  silt  in  the  neighbourhood  of  the  delta. 

The  bhdbar  slope  of  gravel  along  the  foot  of  the  Himalayas,  although 
evidently  of  comparatively  recent  formation,  has  frequently,  to  the  east- 
ward, been  cut  into  terraces  by  the  streams  from  the  hills.*  This  is  a 
necessary  consequence  of  the  streams  cutting  deeper  channels  in  the  rocks 
of  the  hilly  ground.  It  is  curious  to  note,  however,  that  to  the  westward 
the  bhdbar  is  being  raised  instead  of  being  cut  through  by  streams.     It  is 


>  Rain  and  Rivers,  2nd  ed.,  London,  1866, 
pp.  173,  etc. 

^Hooker,  Himalayan  Journals,  ist  ed.,  Lon- 
don, 1854,  J»  P«  378  Oarger  edition).  Dr.  Hooker 
very  naturally,  writing  forty  years  ago,  when 
the  study  of  river  action  was  in  its  infancy, and 
when  nearly  all  great  deposits  and  all  extensive 
denudations  were  supposed  to  be  marine,  attri- 


buted the  gravel  to  a  beach  deposit,  and  the 
valleys  to  marine  deuudation.  There  has 
been  since  a  great  revolution  in  those  por> 
tioDS  of  geological  dynamics  which  treat  of 
the  action  of  rivers  and  the  sea,  and  especially 
in  the  views  held,  by  English  geologists  at 
least,  on  the  comparative  amount  of  work 
done  by  the  two  agents. 
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not  known  how  far  this  difference  is  due  to  the  greater  rainfall  to  the 
eastward,  and  to  the  streams  being  consequently  able  to  carry  away  the 
gravel  as  they  cut  down  their  bed  in  the  rock,  whereas  weaker  streams  are 
prevented  from  cutting  back  their  channels  by  their  inability  to  wash 
away  the  gravel  they  have  already  deposited.  There  have  doubtless 
been  alterations  of  the  gradients  of  the  stream  beds  through  recent 
upheaval  or  depression  of  the  surface,  and  that  these  would  have  as  much 
iufluence  on  the  present  action  of  the  streams  where  they  cross  the  bhdbar 
zone  as  the  rainfall. 

In  connection  with  the  surface  of  the  upper  provinces  another  peculiar 
local  feature  requires  explanation.  Many  tracts  of  land  in  the  Indo- 
Gangetic  alluvial  plain  are  rendered  worthless  for  cultivation  by  an 
efflorescence  of  salt,  known  in  the  North- West  Provinces  as  reh^ 
and  further  west  as  kalar  (kullar).  The  name  iksar^  meaning  barren,  is 
frequently  applied  to  land  thus  affected.  The  salt  varies  in  composition  ; 
it  consists  chiefly  of  sulphate  of  soda  mixed  with  more  or  less  common 
salt  and  carbonate  of  soda  ;  it  is  only  found  in  the  drier  parts  of  the 
country,  being  unknown  in  damper  regions,  such  as  Bengal. 

The  Usar  plains  have  existed  for  an  unknown  time.  Where  the  reh 
or  kalar  is  abundant,  the  water  in  the  upper  stratum  is  impregnated  to 
an  extent  that  is  productive  of  serious  injury  to  the  health  of  the  popula- 
tion. To  a  greater  or  less  extent  this  pollution  of  the  water  near  the 
surface  is  general  throughout  Upper  India,  yet  sweet  water  is  obtainable, 
in  the  worst  reh  tracts,  at  depths  below  60  to  80  feet. 

It  is  consequently  clear  that  the  impregnation  of  the  soil  is  superficial, 
and  as  the  upper  deposits  are  demonstrably  of  fresh  water  formation^  they 
must  originally  have  been  comparatively  free  from  impurities.  Still  all  soils 
contain  some  salt,  and  all  the  water  draining  from  soils  is  impregnated  to 
a  certain  extent.  1  he  salts  forming  reh  or  kalar  appear  to  be  the  refuse 
products,  and  to  consist  of  such  substances,  resulting  from  the  various  pro- 
cesses involved  in  the  decomposition  of  rock,  or  of  detritus  derived  from 
rock,  and  the  formation  of  soil,  as  are  not  assimilated  by  plants.  Unless 
these  salts  are  removed  they  must  accumulate,  and  the  natural  process  of 
removal  is  evidently  by  rain  water,  percolating  through  the  soil  and  carry- 
ing off  any  injurious  excess  of  the  rejected  salts.  If  the  amount  of  water  be 
sufficient,  and  through  drainage  exists,  there  will  be  a  constant  dilution  and 
renewal  of  the  subsoil  water,  but  if  the  water  reaching  the  subsoil  can  only 
be  dissipated  by  evaporation  during  the  dry  season,  salts  will  accumulate  in 
such  subsoil  water,  and  as  this  water  is  brought  to  the  surface  by  capillary 
action,  and  evaporated,  the  salts  held  in  solution  will  be  left  as  an 
efflorescence  on  the  surface  of  the  ground. 

That  the  composition  of  reh  docs  not  differ  greatly  from  that  of  the 
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salts  produced  by  the  decomposition  of  such  rocks  as  have  contributed  by 
their  disintegration  to  the  formation  of  the  alluvial  plains  of  Indlia,  is  shown 
by  the  composition  of  the  river  water  *  running  from  the  Himalayas,  the 
mountains  from  which  the  detritus,  now  forming  the  plains  of  India,  was 
originally  derived. 

In  the  case  of  Upper  India  it  is  easy  to  understand  how  the  destruc- 
tion of  the  conditions  necessary  for  cultivation  has  been  established, 
and  it  is  by  no  means  improbable  that  a  similar  process  has,  in  other 
parts  of  the  world,  changed  countries,  once  fertile  and  populous,  into 
barren  deserts.  The  whole  country  is  treeless.  For  a  great  part  of  the 
year  a  scorching  sun  and  a  parching  wind  dry  up  the  moisture  in  the 
ground,  rendering  it  hard  and  impervious  to  water.  When  the  rains  of  the 
monsoon  season  fall,  a  large  proportion  of  the  water  runs  off  the  surface, 
and  the  earth  is  unable  to  absorb  more  than  a  portion  of  what  remains. 
Thus  a  great  part  is  evaporated  without  penetrating  the  ground.  The  little 
that  does  percolate  through  cracks,  and  in  a  zig-zag  way,  through  the 
more  porous  layers  to  the  upper  water  stratum,  is  no  more  than  sufficient 
to  replace  what  has  been  dissipated  by  evaporation,  fed  by  capillary 
action. 

This  more  or  less  complete  want  of  water  circulation  in  the  subsoil 
must  have  been  gradually  producing  its  effects  in  Upper  India  throughout 
many  generations.  The  natural  process  is  so  slow  that  it  would  escape 
notice  were  it  not  that  from  time  to  time  larger  tracts  of  land  become 
barren.  A  disturbing  cause  has,  however,  been  introduced  in  the  form 
of  great  irrigation  canals.  Their  immediate  effect  is  to  raise  the  level 
of  the  reh  polluted  subsoil  water,  and  thus  to  produce  a  great  increase  of 
evaporation,  with  the  natural  result  of  more  reh  being  left  on  the  sur- 
face, and  more  land  being  thrown  out  of  cultivation.  \t  is  impossible 
to  enter  at  length  into  the  subject  here,  but  it  may  i)c  stated  that,  as  all 
canal  water  contains  salts  in  solution,  whilst  rain  water  contains  none,  the 
only  change  in  conditions,  so  far  as  the  concentration  of  salts  in  the  soil  is 
concerned,  by  the  addition  of  canal  irrigation,  unless  facilities  for  drainage 
of  the  subsoil  water  are  also  provided,  must  be  the  addition  of  all  the 
refuse  salts  contained  in  the  canal  water  to  those  which  would  be  pro- 
duced on  the  surface  by  the  simple  action  of  rain  and  evaporation. 

South  and  west  of  Delhi  and  west  of  Agra,  brine  is  obtained  in  places 
from  wells  in  the  alluvium.     No  particulars  have  been   recorded  which 


*  In  several  analyses  of  river  and  canal  water 
from  the  Gang^es  and  Jumna,  the  proportion 
of  sulphate  of  soda  varied  from  0*0914  to 
0*4325  P^-rt  in  10,000;  chloride  of  sodium 
from  0*0023  to  o'i5  part.     The  proportion  of 
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the  two  to  each  other  is  bimilar  to   that  found  |  XIII,  253—273,  (1886). 


in  reh.  See  Sel.  Rec.  Oaot.,  India,  D.  P.  IT., 
No.  XL II,  p.  47,  (1864).  An  able  and  de- 
tailed account  of  the  origin,  composition  and 
mode  of  concentration  of  the  reh  salts  by  Mr. 
W.  Center,   m.b.,   will   be   found   in  Records^ 
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explain  the  occurrence  of  salt  in  these  localities.  The  case  is  similar 
to  that  already  mentioned  in  the  Puma  valley  in  Berar.  The  distribu. 
tion  of  the  salt  producing  ground  appears  irregular,  and  this  is  in  favour 
of  the  salt  being  derived  from  springs  in  the  rock  beneath  the  alluvium. 

The  plains  intersected  by  the  five  great  rivers  which  combine  to  form 
the  lower  Indus  are  not,  as  a  rule,  simply  divided  into  bhdngar  and  khddar 
like  the    plains    of  the  North- West  Provinces.     Owing   probably  to  the 
greater  fall  in  the  Punjab  rivers,  their  deposits  are  very  sandy,  and  this 
character  tends  to  diminish  the  pluvial  denudation  of  the  surface  by  allow- 
ing the  water  to  sink   into  the  soil.     The  action  of  winds  upon  the  sand 
of  the  river,  the  formation  of  bhiir  land,  and  the  elevation  of  the  ground  in 
the  neighbourhood  of  the  river  banks  aboye  the  intervening  tracts,  through 
tlie  deposition    of   blown   sand,   are  exhibited  in  the  Punjab  to  a  greater 
extent  than  in  the  Gangetic  plain. 

To  the  south-east  the  limits  of  the  Punjab  alluvium  are  difficult  to 
trace,  owing  to  the  manner  in  which  both  alluvium  and  rock  are  concealed 
fey  blown  sand.  .The  same  is  the  case  throughout  the  eastern  margin  of 
^he  Indus  alluvial  plain  in  Sind. 

The  ancient  geography  of  the  Punjab  is  far  better  known  than  that  of 

Y:^ost  parts  of  India,  partly  because  the  civilisation  of  north-western  India 

5  s  older  than  that  of  other  parts  of  the  country,  but  still  more  because  of 

the  accurate  descriptions  given  by  Greek  writers  of  the  Indian  campaigns 

f  Alexander  the  Great     It  is  consequently  possible  to  form  some  idea  of 

he  principal  alterations  which  have  taken  place  in  the  course  of  the  last 

J,ooo  years,  in  the  channels  of  the  great  Punjab  rivers,  but  our  best  guide  un- 

ortunately  fails  us  at  the  most  critical  point,     Alexander  never  penetrated 

o  the  eastward  beyond  the  land  of  the  five  rivers,  and  there  is  but  little 

except  vague  tradition  to  tell  whether  the  present  tributaries  of  the  Indus 

^ave   ever   flowed  into  the  Ganges,  or  those   of    the  Ganges  into  the 

Jndus.     Yet  it  is  certain  that  in  no  part  of  the  great  Indo-Gangetic  plain 

^ave  more  important  changes  taken  place  since  the  dawn  of  history  than 

3n  the  neighbourhood  of  the  watershed  between  the  Indus  and  Ganges. 

An  inspection  of  the  map  accompanying  this  chapter  will  show  a 
dried  up  river  channel,  which  can  be  traced  from  the  neighbourhood  of 
Sirscl  into  connection  with  the  eastern  Narra  in  Sind,  and  local  tradition 
states  that  this  was  formerly  occupied  by  a  flowing  river.  At  present  this 
channel  is  dry,  except  in  its  upper  part,  where  it  periodically  carries,  for 
a  greater  or  less  distance,  the  flood  waters  of  the  minor  streams  which 
drain  the  outer  Hiincllayas  between  the  Sutlej  and  the  Jumna.  The  origin 
of  the  channel  is  situated  at  the  junction  of  the  alluvial  fans  of  the  Sutlej 
and  Jumna,  as  is  shown  by  the  course  of  the  minor  drainage  channels,  and 
there  are  abandoned  river  courses  leading  from  it  in  the  direction  of  the 
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debouchures  of  these  two  rivers  from  the  hills.  There  can  be  no  room  for 
doubt  that,  within  the  period  known  geologically  as  recent,  this  river 
channel  carried  a  flowing  stream  to  the  sea,  and  there  is  some  evidence, 
apart  from  oral  tradition,  to  show  that  its  drying  up  took  place  within  the 
historical  period. 

The  Muhammadan  historians  of  the  eleventh  and  twelfth  centuries 
uniformly  speak  of  the  combined  Sutlej  and  Bids  rivers,  now  known  as 
the  Garrah  or  Sutlej,  as  the  Biyah,  a  nomenclature  which  is  also  employed 
in  the  Hindu  annals  of  Jaisalmer.  This  retention  of  the  name  of  the 
smaller  of  the  two  rivers  for  the  combined  waters,  where  there  is  no 
superior  sanctity  to  recommend  it,  shows  that  the  rivers  must  have  received 
their  actual  names  at  a  period  when  the  Sutlej  did  not  join  the  Biis, 
but  pursued  an  independent  course,  and  the  subsequent  abandonment  of 
the  illogical  nomenclature  may  be  held  to  show  that  the  alteration  of  the 
course  of  the  Sutlej  which  took  it  into  the  Biis  did  not  take  place  much 
before  the  eleventh  century.  Previous  to  this  change  it  doubtless  flowed 
down  what  is  now  the  dry  river  bed  known  as  the  Hikra  or  Wandan,  and 
there  is  some  evidence,  though  far  from  conclusive,  that  it  followed  this 
course  as  late  as  the  eleventh  century  of  our  era.* 

The  traditions  of  the  Hindus  point  to  a  time  when  a  large  and  sacred 
river,  known  as  the  Saraswati  and  described  as  '  chief  and  purest  of  rivers 
flowing  from  the  mountains  to  the  sea,*  pursued  its  course  through  the 
eastern  F*unjab.  The  modern  Saraswati  is  an  insignificant  stream  fed  by  the 
drainage  of  the  outer  hills  alone,  becoming  nearly  dry  in  the  hot  season  and 
losing  itself  in  the  sands  of  the  Rcljputdna  desert.  It  is  absurd  to  suppose 
that  the  language  of  the  Vedas  could  have  been  applied,  or  that  any  con- 
ceivable alteration  of  the  rainfall  could  have  made  it  applicable,  to  the 
Saraswati  of  the  present  day,  and  the  most  reasonable  explanation  is, 
as  suggested  by  Mr.  Fergusson,  that  the  Saraswati  was  in  fact  the  Jumna, 
which,  in  the  Vedic  period,  pursued  a  westerly  course  to  the  sea,  probably 
down  the  dry  river  channel  just  referred  to.*  It  is  certainly  a  suggestive 
fact  in  this  connection,  that  when  the  Bnlhmaj'utra  changed  its  course 
through  Bengal  about  the  commencement  of  the  present  century  and  flowed 
west  of  the  Mddhupur  jungle  to  join  the  Ganges,  the  new  channel  was  named 
Jamuna,  a  word  etymologically  identical  with  Jumna.  On  similar  principles 
the  old  Saraswati,  when  it  broke  eastwards  to  join  the  Ganges,  may  have 
assumed  the  name  Jamuna  or  Jumna  for  its  new  course,  ancj  if  this  ex- 
planation be  correct,  the  Hindu  legend  that  the  Saraswati  joins  the 
Ganges  at  Prayig  or  AUahibcld,  is  unwittingly  a  true  statement  of  fact. 

This  bringing  of  the  change  in  the  course  of  the  Jumna   river,   which 


*  See  an  interesting  but  anonymous  article 
in  the  Calcutta  Review^  Vo'.  LiX,  pp.  i  29, 
(1874)   understood   to   bo   by   Surgeon-Major 


C.  F.  Oldham  ;  also  Jour.  As.  Soc.  Beng,^  LV, 
pt.  ii,  322-43,  (1887). 
«  Quart.  Jour,  Geol.  Soc.^  XIX,  348,  (1863). 
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has  indubitably  taken  place,  down  to  so  recent  a  date  is  interesting,  for  the 
change  must  have  occurred  previous  to  the  present  distinction  of  khidar  ajiA 
bhdngar,  and  if  this  distinction  has  been  produced  since  the  Aryan  invasion 
the  question  naturally  arises  whether  it  may  be  due,  not  to  movements  of 
elevation  or  depression,  but  to  the  clearing  of  the  land  from  forest,  and  the 
extension  cf  cultivation  in  the  plains,  and  more  especially  in  the  hills, 
which,  by  allowing  the  rain  to  flow  more  quickly  oflF  the  surface,  would  in- 
crease the  erosive  power  of  the  rivers  when  in  flood,  and  cause  them  to  cut 
down  their  channels  into  the  plains  over  which  they  formerly  flowed. 

The  surface  of  the  Indus  alluvium  in  upper  Sind  differs  but  little  from 
that  of  the  Punjab,  a  considerable  portion  of  the  area  is  annually  flooded^ 
and  the  whole  drainage  of  a  great  river  being  here,  as  in  Assam,  confined 
to  a  comparatively  narrow  tract,  some  permanent  marshes  of  large  size  exist. 
The  two  most  important  marshy  tracts  are  along  the  western  edge  of  the 
valley  from  near  JacobaULd  to  the  Manchhar  lake  near  Sehwan,  and  along  the 
eastern  edge  from  Khairpur  to  below  Umarkot.  The  latter  is  the  channel 
considered  by  some  the  ancient  course  of  the  Sutlej.  In  the  neighbour- 
hood of  the  Indus  the  ground  is  rather  higher,  having  evidently  been 
raised  by  the  deposit  of  silt,  aided  doubtless  by  the  action  of  the  wind  on 
the  sands  of  the  river  bed. 

Along  the  edge  of  the  Kirthar  range,  west  of  Sind,  there  is  a  well 
marked  bhdbar  slope  of  gravel,  but  the  breadth  seldom  exceeds  one  to 
two  miles  except  where  rivers  run  out  of  the  range.  This  gravel  slope 
is  absolutely  barren,  and,  like  other  features  in  Sind  geology,  is  more 
conspicuous  on  account  of  its  barrenness. 

There  is  one  singular  featui-e  in  the  Indus  valley  to  which  nothing 
parallel  is  to  be  found  in  the  Gangetic  area.  The  river  between  Sukkur 
and  Rohri  has  cut  its  way  through  a  low  range  of  limestone  hills,  surround- 
ed on  all  sides  by  alluvial  deposits.  The  eastern  Narra,  fed  by  the  flood 
waters  of  the  Indus,  traverses  an  alluvial  tract  eastward  of  the  hills.  In 
fact,  the  circumstance  that  the  flood  waters  of  the  Indus,  both  to  the  east 
and  west,  traverse  plains  at  a  lower  level  than  the  riverbed,  is  shown 
by  the  course  of  the  canals,  and  great  fears  have  been  entertained  that 
the  Indus  may  desert  its  present  channel  and  break  out  to  the  westward, 
through  the  plain  in  which  Jacobibid  is  built,  into  the  line  of  marshes 
already  mentioned.  The  curious  features  of  the  tract  are  not  even  con- 
fined to  the  present  river  course,  for  at  Aror,  four  miles  south-east  of  Rohri, 
there  is  another  gap  in  the  limestone  range,  said,  on  what  is  believed  to 
be  good  historical  evidence,  to  have  been  the  bed  of  the  river  rather  more 
than  nine  centuries  ago.^     At  that  time  the  main  stream  is  supposed  to  have 

'Cunningham,  Ancient  Geography  of  India,  London,  1871, 1,  pp.  2S7»  264,  etc. 
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traversed  Si  nd  considerably  to  the  east  of  its  present  course  ;  it  passed  by  the 
old  city  of  Brihmanibid,  and  then  probably  ran  southward  by  the  Pur^n,  an 
old  river  bed  still  existing,  to  the  Kori  creek,  which  was  the  principal  mouth 
of  the  river.  The  Indus  is  said  to  have  deserted  its  old  bed  at  Aror  for 
its  present  channel  between  Sukkur  and  Rohri,  in  consequence  of  an 
earthquake  about  A  D.  962,  and  as  Brihmanibid  was  also,  in  all  probability 
destroyed  by  an  carthquakel  at  some  period  prior  to  A.D.  1020,  it  is  not  im- 
possible that  the  two  events  were  due  to  the  same  cause.  The  Indus  is  said 
to  have  deserted  Br^hmanibdd  at  the  time  when  the  city  was  destroyed.  All 
the  details  preserved,  however,  are  so  much  mixed  up  with  mythical  inci- 
dents that  but  little  dependence  can  be  placed  upon  them,  and  nearly  all 
the  circumstances  mentioned  are  more  or  less  open  to  dispute.  It  is 
questioned,  for  instance,  whether  Aror  was  ever  situated  on  the  Indus, 
and  it  is  contended  that  Bukkur,  a  fortress  on  an  island  in  the  river  oppo* 
site  Rohri  and  consequently  in  the  channel  now  cut  through  the  limestone 
range,  existed  before  the  ninth  century.  Certainly,  the  channel  through 
the  hills  at  Aror  is  very  narrow,  and  it  is  possible  that  it  was  never  tra- 
versed by  the  main  stream  of  the  river,  though  the  configuration  of  the 
ground  supports  the  hypothesis  that  some  stream  has  cut  through  the  hills 
at  the  spot.  Again,  it  is  contended  that  Sehvvan,  the  ancient  Sindomana, 
was  always  on  the  Indus,  and  that  consequently  the  main  stream  of  the 
river  must  have  run  in  ancient  times  where  it  flows  now.  But,  on  the  other 
hand,  Alexander  is  said  to  have  left  the  river,  and  marched  to  the  neighbour- 
hood of  Ldrkhdna,  and  thence  to  Sehwan,  from  which  place  he  "marched 
back  to  the  river."*  It  may  be  fairly  concluded  that  important  changes 
have  taken  place  in  the  course  of  the  river,  without  feeling  certain  that 
the  precise  nature  of  these  changes  has  been  correctly  ascertained. 

The  accumulation  of  fluviatile  deposits  in  the  Indus  plain,  and  the 
consequent 'elevation  of  the  surface,  is  well  seen  in  the  neighbourhood  of 
Umarkot,  where,  as  has  already  been  mentioned,  the  flood  water  from  the 
Narra  trickles  through  the  sand  hills  forming  the  limit  of  the  Indus  allu- 
vium, and  fills  large  hollows  between  the  ridges  of  sand.  The  level  of 
the  bottom  of  these  hollows  must  have  been,  in  all  probability,  at  least  as 
high  as  the  general  surface  of  the  Indus  plain  at  no  distant  date. 

During  the  floods,  water  leaves  the  Indus,  and  its  tributary  the  Sutlei, 
as  far  up  as  Bahawalpur,  and  flows  southward  by  the  eastern  Narra,  which 
must  be  regarded  as  a  distributary,  although  its  waters  now  seldom  reach 
the  sea.     The  true  head  of  the  delta,  however,  is  generally  considered  to 


'  Bellasis,  Jour,  Bombay  Br.  Roy.  As.  Soc, 
V,  413,  467,  (185J).  There  is  some  doubt 
regarding  the  exact  position  of  Brdhmandbdd. 
According  to  General  Haig  the  ruins  usually 
known  by  that  name  are  those  o\  Mansurah, 


while  he  places  the  real  Brdhmandbdd  some 
seven  miles  to  the  north-east  at  a  place  now 
known   as  Depar.      your.  Soy.  As.  S7C.   now 
series,  XVI.  281,  (188^). 
*  Arrian:  "Anabasis,"  VI,  16. 
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nearly  loo  from  north  to  south.  From  the  south-eastern  extremity  a  low 
alluvial  tract,  dividing  Ahmadibid  from  Kithiiwir,  and  including  an  ex- 
tensive brackish  water  marsh  called  the  Nal,  connects  the  Rann  with  the 
head  of  the  Gulf  of  Cambay.  A  very  trifling  depression,  probably  not 
amounting  to  50  feet,  would  convert  Kithidwdr  into  an  island,  and  even  a 
smaller  amount  of  sinking  would  suffice  to  isolate  Cutch  completely  ; 
indeed,  it  is  now  an  island  during  the  prevalence  of  the  south-west  mon- 
soon, when  the  sea,  raised  by  the  wind,  dams  back  the  water  brought  into 
the  Rann  by  the  various  rivers  which  drain  into  the  flat  from  Rijputana, 
Gujardt,  and  Cutch,  in  the  same  manner  as  the  level  of  the  creeks  is  raised 
in  the  Indus  delta.  At  this  time  portions  of  the  Rann  are  seven  feet  under 
water,  but  the  average  depth  does  not  exceed  five  feet.  The  inundation 
lasts  from  July  to  the  end  of  November,  and  portions  of  the  surface,  espe- 
cially a  tract  to  the  westward  near  Sindri,  depressed  by  the  earthquake  of 
1819,  are  constantly  covered  with  water.  Below  this  water  there  is,  in 
places,  a  bed  of  salt,  sometimes  as  much  as  three  or  four  feet  in  thickness. 

There  can  be  little  doubt  that  the  Rann  was  a  gulf  of  the  sea  within 
recent  times.  Not  only  do  the  traditions  of  the  country  all  agree  with 
this  view,'  but  the  present  condition  of  the  surface,  an  immense  flat  of 
sandy  mud,  can  only  be  explained  by  supposing  that  the  tract  is  the  site  of 
an  inlet,  now  silted  up.  The  barren  condition  of  the  surface  is  due  to 
flooding  by  salt  water  at  one  season,  and  hot  dry  weather  at  other  times  ; 
the  soil  is  consequently  too  salt  to  support  even  the  vegetation,  such 
as  mangroves,  which  will  grow  in  ordinary  sea  water.  Unless  further 
depression  takes  place,  the  surface  must  be  gradually  raised  by  the  silt 
brought  in  by  rivers,  and  the  tracts  which  support  vegetation  must  extend. 

The  depression  of  an  area  of  2,000  square  miles  around  the  fort  of  Sindri 
in  the  western  part  of  the  Rann,  at  the  time  of  great  earthquake  of  1819,  has 
been  described  so  often,*  that  it  appears  unnecessary  to  repeat  the  account 
here.  In  this  case  the  circumstance  which  enabled  the  changes  of  level 
to  be  accurately  estimated  was  the  fact  that  the  whole  of  the  tract  affected 
was  very  nearly  at  the  sea  level,  and  so  close  to   the   sea  that   it  was 


'  There  is  some  historical  evidence  also. 
When  Alexander  the  Great  sailed  down  the 
Indus  he  passed  through  the  great  eastern 
branch,  then  the  main  stream  of  the  river,  but 
now  dry,  to  the  Kori  mouth.  Near  this  mouth 
he  came  to  a  great  lake  (Arrian  :  **  Anabasis/' 
VI,  20).  Mention  is  also  made  of  a  great  lake- 
like expanse  of  water  in  this  direction  by  some 
Mahomedan  historians.  Sir  B.  Frere  also 
states  on  apparently  good  traditional  evidence, 
that  Virdwah,  in  Nagar  Pdrkar,  north-east  of 
the  Rann,  was  a  seaport  from  500  to  800  years 
ago,  Jour.    Roy.   Qeol.  Soc,  XL,  195,  (1876) 


No  mention  of  any  sea  north  of  Cutch  appears 
to  have  been  made  by  the  Chinese  travellers 
of  the  seventh  century ;  Cunningham,  Ancient 
Geography  of  India,  I,  p.  302. 

'  An  account  is  given  in  LyelPs  Principles, 
ed.  1868,  II,  pp.  97-104,  and  has  been  copied 
into  many  text-books.  For  a  very  full  descrip- 
tion by  Mr.  Wynne  see  Memoirs,  IX,  29-47, 
(1872).  Mr.  Wynne  doubts  whether  the  Allah 
Bund  was  really  raised,  and  suggests,  with 
much  probability,  that  the  appearance  of  ele- 
vation was  due  to  the  depression  of  the  groiind 
around  Sindri,  south  of  the  Allah  Bund. 
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flooded  immediately.     A  further  depression   is  said   to  have   taken   place 
in  1845  ^^  ^^^  same  neighbourhood.^ 

At  first  the  effect  of  the  depression  in  18 19  was  to  produce  a  great  sheet 
of  water,  navigable  by  boats  of  some  size,  but  this  has  gradually  silted 
up,  and  Mr.  Wynne,  on  visiting  the  ruins  of  Sindri  in  January  1869,  found 
that  the  greater  portion  had  been  filled  up  to  nearly  the  level  of  the  Rann, 
and  that  but  a  small  shallow  pool  remained  around  Sindri  itself. 


Though  not,  strictly  speaking,  part  of  the  Indo-Gangetic  alluvial  plain, 
this  will  be  the  best  place  to  notice  that  j^reat  accumulation  of  blown  sand, 
in  the  tract  between  the  Indus  and  the  ArdvalHs,  which  is  known  as  the 
Indian  desert.  The  name  implies  a  greater  degree  of  barrenness  and  soli- 
tude than  is  actually  the  case.  Shrubs  and  grass  tufts  are  scattered  thinly 
over  nearly  the  whole  area,  small  trees  are  not  infrequently  met  with,  and  it 
supports  large  numbers  of  sheep  and  cattle,  and  a  hardy  population,  civilised 
enough  to  build  cities  and  palaces  and  wells  of  hundreds  of  feet  in  depth. 

Over  the  whole  of  this  area  sand  hills  are  scattered  more  or  less  thickly, 
but  the  great  accumulation  of  blown  sand  forms  a  strip  along  the  north  of 
the  Rann  of  Cutch,  from  whicli  two  arms  run,  one  northwards  by  Umarkot 
and  then  turning  north-east  and  running  north  of  Jaisalmer  to  Bikaner  ; 
the  other  running  north-eastwards  between  Bdlmer  and  Jodhpur  and  co- 
alescing with  the  first  about  Bikaner.  The  central  area  of  Jaisalmer, 
Balmer  and  Pokaran  is  rocky,  with  comparatively  few  and  scattered  sand 
hills. 

The  sand  hills  are  of  two  types.  One  of  these,  admirably  delineated 
in  the  Trigonometrical  Survey  maps,  is  of  the  ordinary  type  of  sand 
dune.  Its  longer  axis  is  at  right  angles  to  the  prevailing  direction  of 
the  wind,  and  it  presents  a  long  gently  sloping  face  to  windwards,  up 
which  the  sand  grains  are  driven,  and  a  steep  face  to  leeward,  down 
which  they  roll,  whose  slope  coincides  with  the  angle  of  repose  of  the  dry 
sand. 

The  other  type  is  one  which  is  not  noticed  in  the  text- books.  It  is  very 
largely  developed  in  the  Thar  district  of  Sind  to  the  north  of  the  Rann  of 
Cutch,  and  appears,  equally  with  the  first  type,  to  owe  it  sform  to  the 


'  Nelson,  Quart.  Jour,  Ceol.  Soc,  II,  X03, 
(1846),  Before  quitting  the  subject  of  the  great 
alluvial  region  of  Northern  India,  it  may  be  as 
well  to  point  out  that  by  far  the  greater  portion 
of  the  earthquakes,  and  especially  of  the  more 
severe  shocks  felt  in  India,  occur  in  the  immedi- 
ate neighbourhood  of  the  Indo-Gangetic  plain, 
and  especially  near  the  deltas  of  the  great  rivers. 
The  earthquakes  are,  as  a  rule,  felt  much  uure 


severely  on  the  rocky  ground  around  the  allu- 
vial plain,  than  in  the  plain  itself.  When 
depression  takes  place,  as  in  the  case  of  Sindri 
in  the  Rann,  the  shock  may  be  but  slightly 
felt  at  the  locality  principally  affected,  although 
towns  in  Cutch,  on  rocky  ground,  at  a  distance 
of  several  miles,  are  thrown  down  ;  but  this 
is  in  accordance  with  experience  elsewhere. 
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prevailing  winds.     Throughout  the  area  ineutione(l,the  sand  U  he.iped  into 


^£-  33'~  Sand  hilTsot  itis  transTerse  tjpe ;  after  th«  Topographrcal  Survey  of  Rajputana. 
long  narrow  ridges,  running  about  north-east  and  south-west  to  north 
north-east  and  south  south-west,  with  a  steep  slope  on  either  side,  the 
cre&t  gradually   rising  in  height  to  the  north-eastern  extremity,  which   is 


y 


'tZ^'/^. 


i^^^-T^^ 


Fig.  24.— Sand  hills  of  the  longitudinal  [jpe;  after  the  SInd  Revenue  Sutve;. 
usually  the  highest  point  of  the  ridge,  and  beyond  this  is  a  steep 
downwards,  coinciding  with  the  angle  of  repose  of  the  sand. 

The  mode  of  formation  of  this  type  of  sand    hill   is  not  very  easy  to 


lope 
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explain,  but  from  the  fact  that,  where  the  two  types  are  found  together,  the 
longer  axis  of  the  one  is  at  right  angles  to  that  of  the  other,  we  may  con- 
clude that  in  both  cases  the  form  is  decided  by  the  direction  and  force  of 
tlie  wind,  the  longer  axis  being  parallel  in  one  case,  and  in  the  other  trans- 
verse, to  its  prevailing  direction.  The  steep  slope  of  repose  at  the  northern 
end  of  these  sand  hills  shows  that  they  are  formed  of  sand  grains  which 
are  driven  along  the  surface  of  the  ground  by  the  wind,  and  not  of  those 
light  enough  to  be  carried  in  suspension,  so  that  no  theory  of  accumulation 
under  the  lee  of  bushes,  will  account  for  the  facts,  and  we  must  look  else- 
where for  an  explanation.  If  one  of  the  transverse  type  of  sand  hills 
be  examined,  it  will  be  seen  that  the  windward  slope  is  by  no  means  a 
uniform  plane,  but  is  composed  of  long  narrow  ridges,  parallel  to  the 
direction  of  the  wind,  with  intervening  depressions,  probably  kept  open 
by  a  concentration  of  the  wind  in  them  and  a  consequent  increase  of 
transporting  power,  if  not  an  actual  development  of  power  of  erosion.  It 
seems  probable  that  the  longitudinal  type  of  sand  hill  is  due  to  an  ex- 
aggeration of  this  effect,  by  which  the  depressions,  instead  of  being  com- 
paratively shallow,  and  causing  mere  saddles  in  the  general  ridge,  are 
carried  almost,  if  not  quite,  to  the  base  of  the  accumulation.  However  this 
may  be,  the  restriction  of  the  longitudinal  type  of  sand  hill  to  the  seaward 
and  western  margins  of  the  desert  appears  to  show  that  they  are  connected 
with  a  greater  wind  force  than  the  transverse  type. 

The  height  of  these  sand  hills  is  considerable.  They  frequently  exceed 
100  feet,  ranging  to  200  feet,  and,  according  to  Sir  Bartle  Frere,  400  to  500 
feet  in  the  southern  part  of  the  desert.  The  size  of  these  sand  hills  and 
the  area  they  cover  imply  an  accumulation  of  blown  sand  which  it  is  not 
easy  to  account  for. 

It  appears  difficult  to  believe  that  all  the  sand  found  in  the  desert  can 
have  been  derived  from  the  Indus.  The  surface  of  the  Rann  at  present  is 
too  muddy  to  furnish  any  large  supply.  The  sand  consists  of  well  rounded 
quartz  grains,  mixed  with  smaller  quantities  of  felspar  and  hornblende,  and 
is  undistinguishable  from  the  sand  of  the  sea  coast  except  that  the  grains  are 
better  rounded,  as  is  always  the  case  with  wind  blown  sand.  That  found 
in  the  bed  of  the  Indus  is  also  very  similar  in  character.  The  most  probable 
theory  appears  to  be  that  the  Rann  of  Cutch  and  the  lower  portion  of  the 
Indus  valley  were,  as  has  already  been  shown  to  be  probable  on  other 
grounds,  occupied  by  the  sea  in  posttertiary  times,  and  that  the  sand  of 
the  desert  was  derived  from  its  shore.  The  most  sandy  tracts  are  on  the 
edge  of  the  Indus  valley,  along  the  northern  margin  of  the  Rann,  and  along 
the  depression  of  the  LiSni  valley,  and  these  portions  of  the  country  were 
all  probably  situated  on  the  coast.  The  form  of  the  rocky  hills  around 
Bdlmer  and  Jaisalmer  shows  that  they  have  been  shaped  by  subaerial, 
not  by  marine  denudation,  and  it  is  probable  that  the  more  elevated  central 
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portion  of  the  desert  was  land,  whilst  the  Indus  valley,  the  Rann,  and  t: 
Luni  valley  were  occnpied  by  sea. 

The  accumulation  of  sand  in  the  desert  region  is  evidently  due  to  tfi 
low  rainfall  and  to  the  consequent  absence  of  streams,  the  effect  beiii 
intensified  by  the  accumulation  of  sand  and  the  porous  nature  of  the  re- 
sulting surface.  In  other  parts  of  India  the  sand  blown  from  river  chao- 
nels  or  the  sea  coast  is  either  driven  by  the  wind  into  other  river  channels, 
or  it  is  swept  into  them  again  by  rain.  There  are  sand  hills  in  abundante 
in  the  alluvial  plain  of  the  Indus,  but  they  attain  no  great  size,  because 
the  sand  is  always  swept  sooner  or  later  into  some  stream,  by  which  it  is 
carried  away  towards  the  sea. 

Besides  the  occasional  sand  hills  of  the  Indus  valley  in  Sind,  there  are 
some  much  larger  tracts  in  the  Punjab,  repeating^  on  a  smaller  scale,  the 
phenomena  of  the  Thar  and  the  Rijputdna  desert.  The  most  important 
of  these  is  in  the  Sind-Sigar  Do4b  between  the  Indus  and  Jehlam,  but 
there  is  a  barren  tract  in  the  RachnaDoib  between  the  Chen^b  and  Rivi, 
and  sand  hills  occur  in  places  also  in  the  Bari  Doab  between  the  Ravi  aod 
Sutlej. 


CHAPTER  XVIII. 
THE    AGE   AND  ORIGIN    OF  THE    HIMALAYAS. 

Geographical  limitation  erf  the  Himdlayas— Physical  geography — Evidence  of  the  tertiary 
deposits  as  to  the  age  and  elevation  of  the  Himalayas— Re vd.  O.  Fbher's  theory  of  moun- 
tain formation— Age  of  the  Him^ayas. 

In  dealing  with  the  great  question  of  the  date  of  commencement,  catise, 
and  history  of  the  elevation  of  the  Himalayas,  the  first  point  to  determine 
is  the  exact  signification  in  which  this  namt^  shall  be  used.    The  Himalayas 
in  a  general  sense  are  well  understood  to  be  the  great  system  of  mountains 
which  rises  to  the  north  of  the  alluvial  plains  of  upper  India,  and  forms  the 
southern  margin  of  the  highlands  of  Tibet,  but  the  limits  of  the  range  at 
either  end  are  difficult  to  define,  for  it  becomes  continuous  with  the  moun- 
tain ranges  between  India  and  China  on  the  one  hand  and  those  north  of 
Afghanistan  on  the  other;  and  though  it  is  easy  to  regard  these  as  distinct 
ranges,  once   the  change  of  general  direction  is   well  established,  the  ab- 
solute continuity  of  each  with  the  Himalayas,  where  the  junction  takes  place, 
shows  that  the  elevation  of  the  whole  was  part  of  the  same  great  series  of 
movements  of  the  earth's  crust.     It  is,  however,  necessary  to  adopt  some 
^/efinite  geographical  limits  to  the  Him«ilayas,  and  those  used  here  will  be  the 
lines  along  which  the  strike  of  the  chains  of  hills,  and  of  the  rocks  they  are 
composed  of.  takes  a  sudden  bend.     On  the  west  this  line  may  be  taken  to 
rLMT%  through  the  hills  west  of  the  valley  of  Kashmir,  from  where  the  Kara- 
'^oiram  range  bends  into  the  Hindu  Kush   to  where  the  Jehlam  leaves  the 
'^il  Is.  On  the  east  neither  the  geology  nor  the  geography  of  the  hills  is  suf- 
^^^icntly  well  known  to  define   the  limit  of  the  Himalayas,  but  it  may  be 
F^^^^^sumed   to  run  in  from  the  neighbourhood  of  Sadiyi  in  a  north-easterly 
^  *  *^  action. 

The  descriptions  of  the  orography  of  this  great  system  of  mountains  vary 
^y  much  according  to  the  idiosyncracy  of  the  writer,  and  the  particular 
aning  he  may  have  attached  to  the  term  *  mountain  chain. '     The  earliest 
^he  writers  on  the  Him«llayan  mountains,  Captain  Herbert,  regarded  the 
^r  on  which  Simla  is  situated  as  the  natural  termination  of  the  main 
c^wy  range,  giving  as  his  reason  that  it  was  the  watershed  between  the 
^^ainage  of  the  Indus  and  the  Ganges.     But  this  system  of  classification 
^'Ould  lead  to  endless  confusion  and  completely  obscure  the  true  relations 
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of  the  various  chains  of  which  the  Himalaya  mountains  are  composed,  for 
the  rivers,  without  exception,  cut  at  some  point  of  their  course  through 
a  zone  of  special  elevation,  whether  we  look  to  present  contour  or  to  geo- 
logical structure,  and  it  is  impossible  on  any  rational  ground  to  separate  the 
portion  of  the  range  on  one  side  of  the  river  valley  from  its  continuation 
on  the  other. 

The  most  popular  of  the  views  regarding  the  physical  geography  of  the 
Himalayas  is  probably  that  proposed  by  Clements  Markham.  which  regards 
them  as  consisting  of  three  more  or  less  parallel  ranges  known  as  the 
northert,  central,  and  southern,  respectively.  This  view  was  most  beauti- 
fully illustrated  in  the  map  attached  to  his  edition  of  the  travels  of  Bogle 
and  Manning,^  where  three  long  ranges  are  depicted,  stretching  across 
the  map  from  east  to  west.  The  view  appears  to  have  a  certain  resem- 
blance to  the  truth,  and  cannot  be  absolutely  disproved  owing  to  our  igno- 
rance of  the  geography  of  the  greater  part  of  the  Himalayas  and  to  the  in- 
definiteness  of  the  term  mountain  range,  but  our  knowledge  of  Himilayan 
geography  is  sufficient  to  show  that  the  orography  of  the  Himalayas  is  by 
no  means  so  simple  or  well  defined  as  it  is  represented  on  the  map  just  re- 
ferred to. 

In  the  north-western  portion  of  the  Himalayas,  where  alone  the  geogra- 
phy is  known  with  any  degree  of  completeness,  four  principal  ranges  are 
commonly  recognised.  The  most  northerly  and  most  elevated  of  these, 
which  appears  to  bend  round  into  the  Hindu  Kush  at  its  north-westerly 
extremity,  is  the  Mustagh  or  Karakoram  range,  whose  culminating  peak, 
28,265  feet  high  and  the  second  highest  in  the  world,  was  formerly  known 
as  K;g,  but  is   now  often  named  after  its  discoverer  Godwin-Austen. 

South  of,  and  more  or  less  parallel  with,  this  comes  the  Ladikh  range, 
which  may  be  regarded  as  commencing  near  the  junction  of  the  Shiyak 
(Shyok)  and  Indus  rivers  and  running  thence  south-eastwards  along  the  north 
side  of  the  Indus  valley.  This  range,  which  has  a  most  marked  indivi- 
duality both  geographically  and  geologically,  is  breached  by  the  Indus  at 
about  1 50  miles  from  its  north-westerly  termination  in  79°  of  east  longitude. 
The  range  continues  as  far  as  Hanle,  forming  there  the  south,  instead 
of  the  north,  side  of  the  Indus  valley,  but  its  further  continuation  is  imper- 
fectly known. 

The  Zanskar  range  appears  to  owe  its  existence  quite  as  much  to  the 
accident  that  it  forms  the  watershed  between  the  Indus  and  Chendb  drain- 
age, and  has  consequently  been  less  denuded  than  the  regions  on  the  north 
and  south,  as  to  any  special  elevation  it  has  undergone. 

The  outermost  of  the  principal  ranges  is  that  which  is  known  as  the 


'  "  Narrative  of  the   Mission  of  George 
Bogle  to  Thibet  and  of  the  Journej  of  Thomas 


Manning  to  Lhasa/'  2nd  edition,  Londor,  1879. 
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Pir  Panjil  south  of  the  valley  of  Kashmir,  and  as  the  Dhioladhdr'  south  of 
Chamba.  Though  the  unity  of  these  two  ranges  is  obscured  by  their  being 
broken  through  by  the  Chendb  and  Riv(  rivers,  their  geological  structure, 
so  far  as  it  is  known,  seems  to  show  that  they  are  in  reality  part  of  one  and 
the  same  range.  Much  might,  however,  be  said  in  favour  of  the  view  which 
would  regard  them  as  two  separate  ranges,  Echeloned  along  the  northern 
margin  of  the  plains  of  the  Punjab. 

Nothing  definite  can  be  said  of  the  south-easterly  continuation  of  the 
ranges.  The  Pir  Panjil,  Dhioladhir  and  Zanskar  ranges  may  be  regard- 
ed as  coalescing  and  becoming  continuous  with  the  great  range  of  snowy 
peaks,  while  the  Ladikh  and  Karakoram  ranges  coalesce  to  continue  as 
the  range  of  mountains  which  runs  north  of  the  great  longitudinal  valley, 
of  the  upper  Indus,  Sutlej,  and  Sanpo  rivers.  It  may,  however,  well  be 
doubted  whether  either  of  these  ranges  has  a  real  continuity  along  the 
whole  length  of  the  Himalayas,  and  it  is  altogether  more  probable  that, 
whether  we  regard  them  structurally  or  according  to  the  accidents  of  the 
existing  contour  of  the  ground,  they  consist  of  a  series  of  comparatively 
short  ranges  overlapping  each  other  at  their  extremities.  The  final 
classification  of  the  minor  ranges  of  the  great  Himalayan  system  of  moun- 
tains must  wait  for  a  more  detailed  geological  and  geographical  knowledge 
than  is  at  present  available. 

Though  it  is  impossible  to  give  any  definite  idea  of  the  detailed  oro- 
graphy of  the  Himalayas  it  is  possible  to  divide  the  mountains  into  oro- 
graphicil  regions  sufficiently  distinct  from  each  other,  even  if  their  exact 
boundaries  are  somewhat  indefinite.  The  innermost  of  these  is  the  up- 
land of  Tibet,  characterised  by  great  elevation  and  a  dry  climate  with 
its  concomitant  of  very  extensive  accumulations  of  detritus  in  the 
valleys. 

The  drainage  of  the  southern  portion  of  this  region,  except  that  of  the 
comparatively  small  area  which  is  drained  by  the  upper  Sutlej  river,  escapes 
into  the  Brahmaputra  and  Indus  valleys  at  the  extremities  of  the  Himdiayan 
range.  But  by  far  the  greater  portion  has  a  closed  drainage,  or  such  as 
escapes  finds  its  way  into  extra-Indian  rivers. 

South  of  the  Tibetan  region  rises  the  great  zone  of  snowy  peaks  whose 
drainage,  from  both  northern  and  southern  slopes,  finds  its  way,  in  a  more 
or  less  directly  transverse  direction,  on  to  the  Indo-Gangetic  plain.  The 
watershed  of  this  transverse  drainage  lies  to  the  north  of  the  zone  of  highest 
peaks,  which  is  repeatedly  interrupted  by  the  deep  valleys  of  the  rivers 
traversing  it. 

South  of  the  snowy  peaks  comes  a  zone  of  lower  hills,  seldom  rising 

*  On  the  accompanying   map   the   name  I  range  which  runs  south-eastwards   from  Dal- 
Dh^oladhdr   has   been   misplaced.      It  is  the  •   housie,  south  of  the  Chamba  ralley. 


\ 
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much  over  12,000  feet  above  the  sea,  which  has  been  distinguished  as 
the  lower  HimcLlayas.  These  lower  Himalayas  in  many  places  graduate 
into  the  main  snowy  range,  so  that  it  is  difficult  to  draw  a  definite  distinc- 
ton  between  the  two ;  yet,  they  can  be  recognised  as  a  fairly  well  marked 
feature  of  the  range,  forming  a  belt  of  hills  some  50  or  60  miles  broad, 
between  the  high  mountains  of  the  central  range  and  the  low  hills  of 
the  sub-Hi milayas.  West  of  the  Sutlej  the  lower  Himalayas  cannot  be 
recognised  as  a  distinct  feature,  the  high  ranges  of  the  DhcLoladhir  and 
Pfr  PanjcLl  rising  directly  from  the  sub-Himdlayan  zone,  but  the  inner  por- 
tion of  what  has  generally  been  regarded  as  the  sub-Himdlayan  zone  in 
this  region  rises  to  greater  altitudes  than  where  the  lower  Himdlayas  are 
typically  developed,  and  should  possibly  be  regarded  as  the  continuation 
of  this  feature. 

The  sub-Himdlayas,  which  have  been  referred  to  in  the  last  paragraph, 
form  the  outermost  zone  of  the  hills.  They  are  usually  marked  by  an  abrupt 
drop  in  the  average  height  of  the  hills,  they  are  exclusively  composed  of 
tertiary  and  principally  upper  tertiary  deposits,  and  except  in  the  region 
west  of  the  Sutlej,  seldom  rise  over  4,000  feet. 

There  can  be  no  doubt  that  this  sudden  drop  in  the  average  height  of  the 
peaks,  between  the  lower  and  sub-Himilayan  region,  is  principally  due  to  the 
sub»Himilayan  region  having  been  subjected  to  a  smaller  amount  of  elevatory 
movement  than  the  lower  Himalayas,  though  it  is  doubtless  also  due  in  part 
to  the  greater  softness  of  the  rocks  they  are  composed  of,  and  their  greater 
proximity  to  the  lowlands  of  the  plains,  but  it  is  not  so  easy  to  determine 
whether  the  distinction  between  the  central  ranges  and  the  lower  Himalayas 
is   due  principally  to  differences  in    the    amount  of  upheaval  they    have 
undergone  or  to   denudation.      Doubtless    both    have    co-operated.     The 
bottoms  of  the  river  valleys  near  the  plains  being  at  a  lower  level  than  fur- 
ther into  the  heart  of  the  mountains,  and  the  average  slopes  at  which  the 
hillsides  stand,  which  depend  on  the  readiness  of  the  rock  to  disintegrate 
and  the  amount  and  distribution  of  the  rainfall,  being  probably  less  on  the 
average  in  the  lower  than  in  the  central  Himalayas,  the  peaks  could  naturally 
not  rise  to  the  same  altitude.    This  does  not,  however,  seem  to  be  a  sufficient 
explanation  of  the  facts,  and  it  is  only  natural  to  suppose  that  the  belt  of 
mountains  which  contains  the  highest  peaks  in  the  world  must  have  been  an 
area  of  special  upheaval,  while  there  are  some  features  in  the  profile  of  the 
main  river  valleys  which  support  this  conclusion.   These  valleys  all  penetrate 
the  hills  to  within  10  miles  of  the  line  of  highest  peaks  without  rising  more 
than  4,000  to  5  000  feet  above  sea  level,  but  as  they  cross  this  line  there  is  a 
sudden  rise  of  the  river  bed  which  carries  it  up  to  9,000  to  10,000  feet  within 
a   few   miles.     Above  this   the  gradient   falls  again  and,   in   the  Tibetan 
region,  the  average  slope  does  not  seem  to  be  more  than  a  few  feet  in  each 
mile  of  channel.    This  sudden  rise  in  the  river  beds  as  they  cross  the  line  of 
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highest  peaks  seems  to  sliow  that  this  has  been  a  region  of  greater  and 
more  rapid  upheaval  than  those  to  the  north  or  south^  and  that  the  rivers 
have  not  yet  been  able  to  cut  down  to  the  level  they  will  ultimately 
reach. 

It  has  already  been  mentioned  that  all  the  principal  rivers  draining 
from  the  Him^ldyas  have  their  sources  to  the  north  of  the  line  of  highest 
peaks,  and  that  they  cross  this  zone  of  special  upheaval  in  deep  valleys. 
The  old  explanation  of  this  feature  was  that  the  valleys  were  great  frac- 
tures in  the  range,  through  which  the  rivers  found  their  way.  This  view  has 
never  been  specifically  disproved  in  the  case  of  the  HimcLliyas,  but  it  has 
been  so  frequently  shown  to  be  incorrect  in  other  cases  where  it  was  main- 
tained, it  is  so  generally  discredited,  and  moreover  the  shape  of  the  valleys 
is  so  palpably  due  to  subaerial  erosion  that  it  is  unnecessary  to  devote 
further  attention  to  it  here,  and  we  may  accept  these  transverse  valleys  as 
having  been  entirely  produced  by  the  action  of  rain  and  rivers. 

It  will  be  shown  further  on  that  the  sub-Himdliyan  ranges  are  composed 
of  the  disturbed  and  upheaved  deposits  laid  down  by  the  same  rivers  which 
now  traverse  them.  In  this  case  it  is  evident  that  the  rivers  are  older 
than  the  hills  they  traverse,  and  that  the  gorges  have  been  gradually  cut 
through  the  hills  as  they  were  slowly  upheaved.  In  the  same  manner  it 
might  be  supposed  that  the  rivers,  originally  draining  from  the  north  of 
what  is  now  the  line  of  greatest  elevation,  were  able  to  keep  their  valleys 
open  by  cutting  them  down,  at  a  pace  sufficient  to  prevent  the  upheaval 
producing  an  actual  reversal  of  drainage,  but  in  many  cases  the  drainage 
area  to  the  north  of  the  line  of  highest  peaks  appears  to  be  too  small  to  have 
given  sufficient  erosive  power  to  the  stream  to  allow  of  this  explanation. 
In  the  first  edition  of  this  Manual  it  was  suggested  ^  that  these  transverse 
river  valleys  may  have  formerly  extended  further  to  the  north,  draining 
a  larger  area  of  country  beyond  the  snowy  range  than  they  now  do,  and 
that  owing  to  the  greater  depth  of  the  gorges  of  the  Indus,  Sutlej,  and  Di- 
hing  or  Sanpo,  their  upper  waters  were  cut  off  by  a  gradual  encroachment 
of  the  longitudinal  valleys  of  these  rivers  on  the  transverse  drainage.  The 
present  writer  is  unable  to  accept  this  view.  He  regards  it  as  altogether 
more  probable  that  the  first  effect  of  the  commencement  of  the  upheaval 
of  the  Himdliyas,  was  to  establish  a  pair  of  longitudinal  valleys  along  its 
northern  face,  whose  drainage  escaped  round  the  extremities  of  the  upheaval, 
and  that  in  the  first  instance  the  whole  of  the  drainage  north  of  what  is 
now  the  line  of  highest  peaks  escaped  by  these  rivers.  As  the  mountains 
were  upheaved  the  gradients  of  the  rivers  flowing  directly  to  their  southern 
margin  became  steeper  than  those  of  the  longitudinal  valleys  north  of  the 
main  range,  the  erosive  power  of  the  streams  increased,  and  they  were  able 
to  cut  back  through  the  line  of  maximum  upheaval  and  rob  part  of  the 
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drainage  which  originally  flowed  east  and  west  to  the  gorges  of  the  Indus, 
Sutlej,  and  Sanpo 

The  few  geological  investigations  which  have  been  made  along  the 
southern  margin  of  the  Tibetan  highlands  have  not  been  sufficiently  de- 
tailed as  regards  the  distribution  of  the  recent  deposits  and  forms  of  the 
valleys,  to  decide  this  question  with  certainty,  but  there  is  one  specific 
observation,  recorded  by  General  Strachey/  which  points  to  the  conclusion 
that  the  explanation  given  here  is  the  correct  one.  He  records  that  the 
subrecent  deposits  of  the  Sutlej  valley  in  Hundes  extend  right  up  to  the 
crest  of  the  Niti  pass,  and  that  a  detached  portion  of  it  is  to  be  seen  two  or 
three  miles  south  of  the  crest.  The  mere  fact  of  its  extending  up  to  the 
crest  of  the  pass  shows  that  there  must  originally  have  been  higher  ground 
to  the  south;  in  other  words,  that  the  original  watershed  of  the  Sutlej  must 
have  run  further  south  than  it  now  does,  and  the  occurrence  of  an  outlier 
in  what  is  now  the  southern  drainage  area,  if  confirmed,  gives  a  still 
further,  though  unnecessary,  proof  of  the  encroachment  of  the  southern  on 
the  northern  drainage  areas. 

The  same  is  indicated  by  the  shape  of  the  valleys  which  drain  in  either 
direction  from  the  watershed.  So  far  as  can  be  gathered  from  the  admirable 
maps  of  northern  Kumiun  and  Garhwil^  and  from  the  accounts  of  travel- 
lers, the  slopes  on  the  southern  side  of  the  passes  are  much  steeper  than 
on  the  northern ;  the  erosion  of  these  slopes  would  consequently  be  more 
rapid,  and  as  it  progressed  the  watershed  would  gradually  be  forced  north- 
wards. 

The  most  conclusive  evidence,  however,  seems  to  be  that  derived 
form  the  subrecent  deposits  of  the  Sutlej  valley  in  Hundes*.  These  show 
that  the  Sutlej  was  followed  approximately  its  present  course  during  a 
period  sufficient,  firstly,  for  the  formation  of  a  deep  rock  valley,  secondly, 
for  the  accumulation  in  this  of  over  3,000  feet  of  subrecent  deposits, 
and,  thirdly,  for  the  re-excavation  of  gorges,  3,000  feet  deep,  through 
these  same  accumulations*  There  can  consequently  have  been  no  pro- 
gressive  cutting  back  of  the  head  waters  of  the  Sutlej  during  all  this 
period. 


From  a  stratigraphical  point  of  view  the  Himalayan  mountains  may  be 
divided  into  three  zones,  which  correspond  more  or  less  with  the  orographical 
ones.  The  first  of  these  is  the  Tibetan,  in  which  marine  fossiliferous 
rocks  are  largely  developed,  whose  present  distribution  and  limits  are  to  a 
great  extent  due  to  the  disturbance  and  denudation  they  have  undergone. 
Except  near  the  north-western  extremity  of  the  range  they  are  not  known 
to  occur  south  of  the  snowy  peaks.      The  second  is  the  zone  of  the  snowy 

>  Jour.  Roy.  Ceog.  Soc,  XXI,  63^  (1851). 
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peaks  and  lower  Himalayas,  composed  mainly  of  crystalline  and  metamor- 
pbic  rocks  and  of  unfossiliferous  sedimentary  beds,  believed  to  be  prin- 
cipally of  palaeozoic  age.  The  third  is  the  zone  of  the  sub- Himalayas,  com- 
posed entirely  of  tertiary,  and  principally  of  upper  tertiary  deposits,  which 
forms  the  margin  of  the  hills  towards  the  Indo>Gangetic  plains,  and  has 
so  intimate  a  connection  with,  and  so  important  a  bearing  on,  the  history 
of  the  elevation  of  the  Himalayas  that  it  will  require  a  more  detailed  notice 
here  than  the  others. 

The  stratigraphy  and  palaeontology  of  the  rocks  composing  this  terti-  X 

ary  fringe  have  been  referred  to  in  a  previous  chapter,  but  it  will  be  neces- 
sary to  recapitulate  part  of  what  has  been  written,  and  to  add  some  further 
details  which  are  important  from  the  present  point  of  view. 

The  classification  which  will  be  adopted  is  the  following : — 

,^  C  Upper  Siwilik. 

Upper  tertiary  \  j^j^^j^  Sj^^i,^ 

or  Siwalik  series        y  ,  . , ,,       c-   ^11 

V.  Lower  or  Nahan  Siwalik. 

Lower  tertiary  1  r^       l^-  '  c  Murrce  beds, 

c-  .  <  Daeshai  group        .         ,j 

or  Sirmur  series         i  e  ife.i. 

C  Subathu  group. 

The  lowest  of  these  groups  consists  everywhere  of  marine  deposits, 
clays,  shales  with  some  limestonei  and  a  few  bands  of  sandstone.  It  passes 
upwards  with  perfect  conformity  into  a  series  of  interbedded  sands^tones 
and  clays.  The  latter,  almost  always  red  in  colour,  prevailing  in  the  lower 
part,  the  former  in  the  upper,  so  that  there  is  a  gradual*  increase  in  the 
average  coarseness  of  the  d6bris  from  below  upwards,  a  feature  even  more 
conspicuously  displayed  in  the  sections  of  the  upper  tertiaries. 

The  distribution  of  these  rock  groups  is  noteworthy.  There  is  a  long 
narrow  outlier  in  western  Garhwcll  just  east  of  the  Ganges,  in  which  only 
the  marine  Sub^thu  beds  are  found.  A  larger  area  is  found  further  west 
in  the  Simla  hills,  where  all  three  groups  are  represented.  For  a  part  of 
its  length  this  exposure  is  in  direct  contact  with  the  Siwilik  series  along 
the  great  fault,  which  will  be  referred  to  further  on,  but  along  its  western 
half  it  is  separated  by  a  narrow  strip  of  pretertiary  slates.  At  the 
western  extremity  of  this  outcrop  of  lowxr  tertiary  rocks,  which  belong  by 
position  to  the  lower  Himilayas  rather  than  the  sub- Himalayas,  they  run 
down  into  a  narrow  strip,  which,  stretching  along  the  south  face  of  the 
Dhdoladh^r,  connects  them  with  the  larger  area  of  lower  tertiaries  in  Jammu. 

The  upper  tertiaries  are,  like  the  lower,  divided  into  three  groups.  The 
lowest  of  these,  known  as  N^han  consists  of  clays  and  sandstones,  the  former 
being  mostly  bright  red  in  colour  and  weathering  with  a  nodular  structure, 
the  latter  firm  or  even  hard,  and  throughout  the  whole  not  a  pebble  of  hard 
rock  is  to  be  found. 


Tm. 


The  middle  Siwiliks  consist  principally  of  clays,  and  soft  sandstones,  or 
sand  rock,  with  occasional  strings  of  small  pebbles,  which  become  more 
abundant  towards  the  upper  part,  till  they  gradually  merge  into  the  coarse 
conglomerates  of  the  upper  Siwiliks.  It  must  be  understood  that  this 
classification,  being  dependent  on  lithological  characters,  not  on  the  palae- 
ontology  of  the  beds,  is  not  strictly  accurate,  and  it  is  certain  that  the  dif- 
ferent stages  must  more  or  less  overlap  each  other  on  different  sections. 
Any  classification  on  palseontological  grounds  is  unfortunately  impossible 
at  present,  as  most  of  the  fossils  have  been  obtained  through  native  col- 
lectors, and  their  localities  are  not  known  with  certainty.  But  this  is 
unimportant  for  our  present  purpose,  as  it  seems  certain  that  the  three  suc- 
cessive lithological  stages  do  represent  successive  periods  of  time,  though 
part  of  the  conglomerate  stage  on  one  section  was  certainly  represented 
by  a  part  of  the  sand  rock  stage  on  another. 

In  the  north-west  of  the  Punjab,  beyond  the  Jehlam,  the  whole  of  the 
tertiary  rock  groups  are  said  to  form  one  conformable  system  from  base  to 
summit.^  Further  east  their  relations  are  less  simple  and  at  first  sight 
somewhat  perplexing.  The  true  meaning  of  the  anomalies  was  long  ago 
pointed  out  by  Mr.  Medlicott,  *  but  have  been  illustrated  in  so  much  greater 
detail  by  Mr.  Middlemiss  in  his  account  of  the  sub-Himdlayas  of  Kumdun 
and  Garhwdl '  that  it  will  be  well  to  turn  to  this  region  for  illustrative 
sections.  Here  there  is  normally  a  perfectly  conformable  trans^ition  from 
the  Nihan  group  to  the  middle  SiwcLIik  sandstones,  and  again  from  these 
to  the  upper  Siwdlik  conglomerates.  This  conformable  succession,  which 
is  exhibited  by  many  sections,  is  illustrated  on  two  of  the  sections  repro- 
duced  on  the  accompanying  plate,  but  it  is  not  invariable.  Many  sections, 
as  No  3  on  the  plate,  show  the  upper  Siw^lik  conglomerates  resting  un- 
conformably  on  the  eroded  edges  of  N^han  sandstones,  and  this  peculiarity 
of  unconformable  contact  between  two  members  of  a  conformable  system 
finds  its  most  striking  exemplification  in  the  short  section  reproduced  in 
figure  25.* 

West  of  the  Ganges  the  country  has  not  been  examined  in  the  same 
detail,  but  it  is  certain  that  the  same  feature  exists.  In  the  neighbour- 
hood of  Ndhan  the  Nihan  and  upper  Siwalik  groups  are  in  contact  along 
a  line  of  fault,  but  the  latter  contain  many  boulders  derived  from  the 
sandstones  of  the  former,  showing  that  they  had  been  elevated  and  exposed 
to  denudation  at  the  time  that  the  upper  Siwalik  conglomerates  were 
being  deposited.  Beyond  the  Sutlej,  on  the  other  hand,  it  was  found  im- 
possible to  draw  any  boundary  between  the  two  groups,  so  gradual  was 
the  transition.* 

»A.  B.  Wynne,  Records,  X,  11 2,  (1877).  *  Pag«  4^- 

•  Memoirs,  III,  pt.  ii,  (  864).  »  Memoirs,  HI,  pt.  ii,  Chap.  IV,  (1864)  ;   sec 

«  Memoirs,  XXIV,  pt.  ii,  (1890).  also  Records,  XIV,  169,  (1881;. 
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s. 

Throughout  this  eastern  area  just  referred  to,  the  upper  and  lower 
tertiaries  are  nowhere  found  in  superposition.  They  occur  on  opposite 
sides  of  a  great  fracture,  marking  the  limits  of  the  sub-Himalayan 
region,  and  it  is  at  present  uncertain  whether  any  beds  whose  age  would 
place  them  with  the  Sirmur  series  conformably  underlie  the  Ndhans  in 
this   region. 

The  examination  of  the  sub-Himalayas  of  Jammuhas  been  even  more 
cursory  than  that  of  the  country  further  east,  and  it  is  at  present  uncer- 
tain whether  the  same  relations,  as  exist  further  east  between  the  different 
groups  of  the  Siw^lik  series,  may  not  be  found  to  prevail  between  the  lower 
and  upper  tertiaries.  The  unconformity  between  the  Iwo  is  proved  by  the 
presence  of  boulders  of  lower  tertiary  sandstone  in  the  upper  Siwalik 
conglomerates,  but  the  conformity  is  not  equally  well  proved.  The  map 
accompanying  the  only  published  account  *  of  this  region  appears  to  in- 
dicate a  conformity  between  the  Siwaliks  and  the  Murree  beds  of  the  small 
inliers  at  Naoshera,  and  between  the  Punch  and  Jehlam  rivers,  and  on  the 
whole  it  is  probable,  especially  if  we  bear  in  mind  the  asserted  conformity 
of  the  whole  sequence  on  the  further  side  of  the  Jehlam,  that  the  relations 
of  the  lower  and  upper  tertiaries  are  the  same  apparently  contradictory 
ones,  of  conformity  on  one  section  and  unconformity  on  another,  as  are 
exhibited  by  the  groups  of  the  Siwdlik  series. 

There  is  but  one  explanation  possible  for  the  known  facts,  that  this 
great  thickness  of  deposits,  whose  unity  of  lithological  type,  no  less  than 
the  special  sections  showing  conformity  between  its  subdivisions,  prove 
that  they  belong  to  one  rock  series,  must  have  been  deposited  during  a 
period  of  disturbance,  so  that  while  a  continuous  sequence  of  conformable 
deposits  was  being  laid  down  in  one  place,  in  another  they  were  .disturbed, 
elevated  and  exposed  to  denudation. 

Along  the  whole  length  of  the  Himalayas,  wherever  the  junction  of 
the  Siwiliks  with  the  pretertiary  rocks  of  the  Himalayas  has  been  seen, 
it  is  a  great  reversed  fault.  To  the  west  of  the  Biis  a  similar  reversed 
fault  forms  the  boundary  between  the  lower  tertiaries  and  the  secondary 
and  palaeozoic  rocks  of  the  Himalayas,  and  in  the  intermediate  area,  where 
the  lower  tertiaries  rise  up  and  form  part  of  the  lower  Himalayan  area 
between  the  Sutlej  and  the  Jumna,  this  great  fault  forms,  for  part  of  its 
ccurse,  the  boundary  between  the  Sirmur  and  Siwdlik  series. 

The  fault  is,  however,  not  a  mere  boundary  fault  in  the  ordinary  sense 
of  the  term,  that  is,  the  fault  is  not  of  a  date  subsequent  to  the  deposition 
of  the  whole  thickness  of  the  series  whose  boundary  it  forms,  nor  did  this 
ever  extend,  in  its  full  development,    far   to  the  north  of  the  line  of  fault 

^Records,  IX,  55,  (X876). 

2H 


\ 


468  GEOLOGY   OF   INDIA— AGK   AND  ORtCIN  OF  HIMALAYAS.  tOhap.  XVTIL 

Mr.  Middlemiss'   section,  reproduced  in  the  woodcut  below  of  itself  proves 
this,  [or  it  is  seen  that  the  great  boundary  fault  was  fully  developed  previous 


Fig'  35— Section  at  the  head  of  the  San  valle;,  eastern  Kumian,  shcnring 
orerstdp  oC  the  main  boundary  fault  by  the  ■??«[  Siwilika. 

to  the  deposition  of  the  upper  Siwilik  conglomerates,  which  rest  on  the 
eroded  Nihan  sandstones  and  overstep  the  hult  on  to  the  pretertiary  slates. 
A  somewhat  similar  section  appears  to  be  found  in  the  suh-HimSlayas  of 
the  Darjiling  district,^  but  has  not  been  worked  out  so  completely. 

Apart  from  these  special  sections  there  are  some  considerations  of  a 
general  nature,  which  are  in  reality  of  greater  importance.  It  will  be  seen 
that  this  line  of  faulting  forms  an  absolute  boundary  for  the  Siw^liks  in 
all  the  range  east  of  the  Sutlej,  and  in  the  hills  west  of  the  Rivl  it  simi- 
larly forms  an  absolute  boundary  for  the  tertiary  rocks,  no  outlier  being 
found  to  the  north,  and  only  a  few  small  inliers  to  the  south  of  it.  Now, 
if  the  many  thousand  feet  of  tertiary  strata  found  south  of  Ihe  fault  had 
been  laid  down  in  a  continuous  sequence  previous  to  lis  formation, 
they  must  have  extended  far  to  the  north  of  it,  and  it  is  almost  impossible 
to  understand  how  they  could  have  been  so  completely  removed  as  to  leave 
no  trace  of  an  outlier. 

It  was  Mr.  Medlicott  who  first,  in  1859,  pointed  out  the  meaning  of  this, 
— that  the  fault  is  in  effect  an  original  limit  of  deposition,  to  the  north  of 
which  the  Siw^liks  never  extended.  In  order  to  lay  special  stress  011  this 
peculiarity,  and  to  take  the  '  main  boundary,'  as  he  named  it,  out  of  the 
category  of  ordinary  boundary  faults,  he  described  it  as  a  cliff,  against 
which  the  Ndhan  sandstones  were  deposited,  and  an  original  boundary  of 
deposition,  only  slightly  modiRed  by  subsequent  faulting.  Sub<iequent 
investigations  have  shown  that  this  description  requires  some  modiHcation, 
but  have  fully  established  the  conclusion  that  the  main  boundary  is  not 
merely  a  boundary  of  present  distribution,  but  in  effect  an  original  limit  of 
deposition.  In  order  to  understand  the  grounds  on  which  this  conclusion 
is  based  and  was  originally  reached,  it  is  necessary  for  a  while  to  leave  the 
tertiaries  and  consider  the  submontane  deposits  of  the  present  day. 

■  P.  N.  Bom.  Retordt,  XXlll.  344,  (1890). 
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The  outer  margin  of  the  hills  at  the  present  day  is  eveiywhere  fringed 
with  a  band  of  gravel  deposits  forming  the  '*  bhdbar^  or  gravel  slope  of  the 
foot  of  the  hills.  The  extent  and  constitution  of  this  varies  with  its  position. 
Opposite  the  debouchures  of  the  great  rivers  draining  the  central  portions 
of  the  Himalayas  it  reaches  a  great  development,  and  is  composed  almost 
entirely  of  boulders  of  hard  crystalline  and  metamorphic  rocks,  which  have 
mostly  been  well  rounded  in  their  long  journey  down  the  river  valley.  Boul- 
ders of  limestone  are  somewhat  rare,  while  the  softer  varieties  of  slate  and 
sandstone  are  almo>t  absent,  having  been  unable  to  withstand  the  severe 
treatment  they  received.  In  the  stretches  intermediate  between  the  great 
rivers  the  nature  of  the  gravel  varies  according  to  the  rocks  exposed  within 
the  drainage  areas  of  the  streams  ;  where  these  drain  only  from  the  outer  hills 
of  Siwilik  conglomerate,  rounded  boulders  of  hard  rock  will  be  found, 
elsewhere  there  are  seen  iragments  of  limestone,  sandstone,  or  slate,  which 
are  often  subangular,  owing  to  the  shorter  distance  they  have  travelled 
and  the  smaller  degree  of  abrasion  they  have  undergone,  and  are  always 
less  rounded  than  the  hard  boulders  of  the  great  rivers. 

If  we  now  turn  from   the  submontane  deposits  of  the  present  day  to  ihe 
upper  Siw^liks  we  iind  a  remarkable  resemblance    between   them.     Not 
oiily  are  the  upper  Siw^liks  so  similar  to  the  recent  deposits  in   general 
character  that  they  have,  not  without  reason,  been  compared  to  an  elevated 
portion  of  the  plains,  but  there  is  precisely  the  same  connection  between 
their   composition   and   the    existent     lines   of    drainage.      In   the   sub- 
HimcUayas   of  Kum^un,  there  is  a  great  development  of  the  upper  and 
middle  Siwdliks,  and  especially  of  the  conglomerates,  where  the  R4mgang4 
and  Kosi  rivers  issue  from  the  hills.   Further  west,  where  there  are  no  large 
streams  draining  from  the  interior  of  the   hills,    the  whole  Siwdlik  zone 
becomes  constricted  and  only  the  Nihan  group   is  seen.     Between  the 
Ganges  and  Jumna  the  upper  SiwAlik  conglomerates  again  attain  a  great 
thickness,  and  are  composed  of  well  rounded  boulders  of  hard  rocks,   pre- 
cibely  similar  to  the  debris  brought  down  by  these  rivers  at  the  present  day. 
West  of  the  Jumna  the  conglomerates  die  out  to  a  great  extent,  and  those 
which  are  seen  consist  of  fragments,  to  a  large  extent  subangular,  of  the 
older  tertiary  sandstones,  and  of  the  formations  found  in  the  outer  part 
of  the  Himalayas  of  this  region.     Where  the  Sutlej   debouches  from   the 
hills  there  are  at  least  4,000  feet  of  coarse  conglomerates,  but  in  a  parallel 
section,  only  seven  miles  off,  there  is  only  about  500  feet  of  them,  in  the 
middle  of  over  3,000  feet  of  brown  sandy  clays.^     The  same  features  have 
been  noticed  in  the  case  of  all  the  other  great  rivers,  that  the  upper  Si wdlik 
conglomerates  attain    a  great  thickness   in  their  neighbourhood  and  are 
composed  of  waterworn  boulders  of  hard   rocks,  while  in  the  intermediate 
country  they  are  generally  represented  by  brown  clays   undistinguishable 

*  H.  B.  Medlicott,  Records^  IX,  57,  (1876). 
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from  the  recent  alluvium,  or   if  conglomeratic  the  pebbles  are  of  local 
debris. 
K  /  There  is  but  one    explanation    possible    of    these    features,    that  the 

jy.  Himalayan  range  already  existed  at  the  time  when  the  upper  Siwiliks 
were  being  deposited,  with  very  much  the  same  boundaries  as  at  present, 
with  the  principal  features  of  its  drainage  already  established,  ami  with 
an  elevation  comparable  to  that  of  the  present  day.  The  Siw^liks  formed, 
therefore,  the  northern  fringe  of  a  series  of  alluvial  deposits,  whose  southerly 
extension  must  be  looked  for  beneath  the  undisturbed  deposits  of  the 
Cangetic  alluvium. 

But  the  Siwdliks  now  form  low  hills,  in  which  these  once  horizontal 
deposits  have  been  disturbed,  elevated,  and  exposed  to  denudation.  There 
has  consequently  been  a  southerly  advance  of  the  margin  of  the  hills  since 
the  upper  SiwcLlik  age. 

The  vast  thickness  of  Siwdlik  deposits,  whose  upper  division  alone 
attains  many  thousands  of  feet  in  thickness,  all  of  which  were  formed  sub- 
aerially,  and  even  now,  after  the  elevation  they  have  undergone,  only  reach 
a  very  few  thousand  feet  above  the  sea,  can  only  have  been  formed  in  an  area 
which  was  gradually  subsiding  as  the  deposits  were  heaped  up.  We  must 
conclude  then  that  the  plain  country  south  of  the  hills,  where  the  conditions 
are  so  similar  to  those  under  which  the  upper  Siwdliks  were  formed,  and 
w  here  immense  masses  of  debris  have  been  heaped  up  without  raising  it  very 
much  above  the  alluvial  plain  to  the  south,  is  an  area  where  considerable 
subsidence  has  taken  place  during  the  recent  period. 

There  are  of  course  no  sections  showing  the  actual  nature  of  the 
boundary  between  this  area  of  subsidence  on  the  one  hand,  and  the  region 
of  recent  elevation  occupied  by  the  outer  hills  of  the  Siwdlik  zone  on  the 
other,  but  there  are  some  considerations  of  a  general  nature  which,  apart 
from  any  reasoning  from  analogy,  indicate  its  nature. 

The  steady  sweep  of  the  boundary  along  the  length  of  the  Himalayas, 
the  absence  of  any  deep  re-entering  angles  or  outlying  patches,  show 
that  it  is  in  the  main  a  structural  feature,  and  that  only  its  details 
have  been  shaped  by  denudation  and  sedimentation.  Nowhere  are  the 
upper  Siwdlik  conglomerates  found  passing  conformably  beneath  the  recent 
deposits  of  the  foot  of  the  hills,  and  the  section  of  the  outermost  ridge  is 
always  an  anticlinal,  whose  southern  half  shows  an  increasing  steepness  of 
dip  in  a  southerly  direction.  The  beds  actually  in  contact  with  the  sub- 
montane gravels  may  be  uppermost  Siwdliks  or  belong  to  the  lower  part 
of  the  Nahan  group,  the  dip  may  be  moderate,  vertical,  or  even  inverted,* 
rarely  the  whole  southern  half  of  the  anticlical  may  have  been  denuded 


'  Exampfes  of  all  these  cases  may  be  found 
in  the  sheets  of  sections  published  by  Mr. 
middlemiss,  Memoir s^  XXIV,  pt.  ii,  (i8c,o).    It 


must  be  borne  in  mind  that  the  undergrround 
section  south  of  the  junction  of  the  Siwdliks 
with  the  iccent  deposits  is  putely  conjectural. 
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away  and  covered  up  by  recent  deposits^  but  where  it  is  seen  there  is 
usually  a  rapid  increase  in'  the  steepness  of  the  southerly  dip  near  the 
margin  of  the  hills.  These  indications  of  a  line  of  special  bending  of 
the  strata  close  to  the  southern  edge  of  the  hills  help  out  the  suppo- 
sition that  the  actual  demarcation  of  the  two  contiguous  areas — one  of 
elevation,  the  other  of  subsidence — may  be  of  the  nature  of  a  fault  one 
side  of  which  has  been  raised  arid  the  other  depressed,  the  depression  beincr 
filled  up  as  fast  as  made  by  the  abundant  debris  brought  down  from  the 
hills. 

Though  there  are  no  sections  showing  the  nature  of  the  junction  between 
the  undisturbed  recent  deposits  of  the  plains  and  the  upraised  Siwaliks 
the  sections  in  the  sub- Himalayas  throw  some  light  on  its  nature.  Wher- 
ever the  Siwcllik  zone  attains  any  considerable  width  it  is  found  to  be 
traversed  by  one  or  more  reversed  faults  of  great  throw,  running  more  or 
less  parallel  to  the  outer  boundary  on  the  one  hand  and  the  main  boundary 
of  the  SiwcLliks  on  the  other.  These  faults  all  show  an  ascending  section 
on  the  outer  (southern)  side  and  the  dip  usually  flattens  towards  the  fault, 
where  the  uppermost  beds  are  seen  in  contact  with  strata  of  a  very  much 
lower  zone.  Moreover,  the  older  beds  are  invariably  thrown  into  an  anti- 
clinal immediately  north  of  the  fault,  while  the  southern  half,  when  it  is 
present,  shows  an  increasing  dip  as  the  fault  is  neared,  exactly  as  is  the 
case  in  the  anticlinal  of  the  outermost  ridge,  and  occasionally,  as  in  that  case, 
the  southern  half  is  cut  out.^ 

The  relations  of  the  rocks  on  either  side  of  these  great  faults  are  so  simi- 
lar to  what  we  have  inferred  is  probably  the  case  between  the  Siwiliks  of 
the  outermost  ridge  and  the  deposits  of  the  submontane  region  of  the 
plains,  that  it  is  natural  to  regard  each  fault  as  marking  a  former  limit  of 
the  disturbed  tract,  and  the  successive  faults  as  indicating  a  step  by  step 
southerly  advance  of  the  outer  margin  of  the  hills.  According  to  this 
hypothesis  the  great  main  boundary  would  mark  approximately  the  south- 
ern limit  of  the  Himalayas  at  the  commencement  of  the  Siwdlik  period, 
north  of  which  the  upper  tertiary  deposits  did  not  extend  to  any  great 
distance  or  in  any  great  thickness. 


We  are  not,  however,  confined  to  the  conclusions  that  may  be  drawn 
from  direct  observations  in  dealing  with  this  problem.  It  may  also  be 
attacked  from  the  purely  physical  and  mathematical  side,  as  has  been 
done  by  the  Rev.  O.  Fisher  in  his  great  work  on  the  physics  of  the  earth's 
crust.^  Mr.  Fisher  adopts  the  hypothesis  that  the  solid  crust  of  the  earth  is 
of  limited  thickness  and  rests  on  a  magma  of  greater  density,  whose  condi- 
tion is  actually  or  virtually  that  of  a  fluid.     As  the  central  core  of  the  earth 

*  Physics  of  the  Earth's  Crust,  1st  ed.,  8'  London,  1888,  pp.  ii4«4i. 
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cools  down  by  the  conduction  of  heat  away  from  it,  the  outer  crust  is 
left  partially  unsupported  by  the  consequent  contraction,  exposed  to  a 
greater  strain  than  it  is  capable  of  bearing,  and  yielding  along  lines  of 
weakness,  is  thickened  both  upwards  and  downwards  from  a  zone  some- 
where in  the  thickness  of  the  crust,  above  which  the  material  will  on  the 
whole  be  forced  upwards,  and  below  it  downwards.  This  zone,  called 
the  neutral  zone,  is  placed,  for  reasons  unnecessary  to  enter  into  here, 
as  its  exact  position  is  not  oi  great  impbrtance,  at  three-fifths  of  the 
thickness  of  the-  crust  from  its  upper  surface.  If  the  subjacent  magma 
had  a  density  one  and  two-thirds  as  great  as  that  of  the  overlying  crust  the 
upward  protuberance  would  be  supported  by  the  buoyancy  of  that  portion 
which  had  been  thrust  downwards  into  the  magma.  But  such  a  great 
disparity  cannot  exist,  and  the  extra  weight  of  the  elevated  tract  will, 
consequently,  bear  the  crust  downwards  on  either  side  as  is  indicated 
in  the  diagram,  fig.  26,  till  sufficient  of  the  lighter  solid  material  is  de« 
pressed  into   the  denser  magma    to  provide  the  requisite  buoyancy. 

As  soon  as  an  elevated  tract  is  formed  denudation  will  commence,  and 
as  it  is  extremely  unlikely  that  the  protuberance  will  be  symmetrical,  a 
larger  amount  of  material  will  be  deposited  on  one  side  of  it  than  the 
Other.  In  the  diagram  this  is  supposed  to  take  place  on  the  right  hand  side 
and  its  effect  will  be  to  depress  that  side  of  the  range  more  than  the  other 
while  the  elevated  tract  will  be  lightened  by  the  removal  of  material 
from  its  surface.     As  a  consequence,  the  centre  of  gravity  will  be  shifted 


GG 


Fig.  26.— Diagram  to  illustrate  Revd.  O.  Fisher's  theory  of  mountain  formation — 

A.— Upward  protuberance,  or  *  elevated  tract.* 

B.— Downward  )>rotuberance  or  'root.' 

P.  R.— Original  limits  of  depressions  on  surface. 

P/  R/— Subsequent  limits  after  the  deposition  of  sediment  represented  by  shading, 

and  removal  of  the  portion  of  the  elevated  tract  represented  by   do(tc^d 
lines. 

Q.  Q.'  S.  S/ — Original  and  subsequent  limits  of  downward  protuberance. 

G.  G/  H.  H.' — Original  and  subsequent  positions  of  centres  of  gravity  of  crust,  and  of 

displaced  fluid  respectively. 

towards  the  side  on  which  there  is  the  greatest  accumulation  of  debris, 
while  the  centre  of  flotation  of  the  downward  protuberance  remains 
unchanged.  The  disturbed  tract  is  consequently  thrown  into  a  state 
of  unstable  equilibrium,  which  can  only  be  made  stable  by  such  a  movement 
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of  rotation  as  will  diminish  the  size  of  the  depression  on  the  left  hand 
side,  where  there  is  least  sediment,  and  extend  it  on  the  right  hand 
side,  where  most  has  been  deposited.  As  this  action  goes  on,  the 
depression  on  that  side  where  least  sediment  is  deposited  may  become 
obliterated,  and  as  the  crust  is  exposed  to  a  tensional  strain  on  this  side  it 
may  be  that  fissures  will  open  and  volcanic  outburst  take  place. 

Such,  briefly  stated,  is  Mr.  Fisher's  theory  of  mountain  formation,  and 
there  is,  on  the  most  superficial  view,  a  considerable  resemblance  to  what 
we  know  to  have  taken  place  in  the  case  of  the  Himalayas.  The  great 
depression  in  which  the  Gangetic  alluvium  has  been  accumulated  corre- 
sponds to  that  in  which  the  greater  bulk  of  debris  derived  fronri  the  denu- 
dation of  the  mountains  is  deposited,  and  the  obliteration  of  the  eocene 
sea  of  the  central  Himalayas,  accompanied  as  it  was  by  a  great  outburst 
of  volcanic  energy,  would  appear  to  correspond  to  what  the  theory  points 
out  as  likely  to  happen  to  the  depression  on  the  other  side  of  the  range. 
But  the  greater  part  of  the  elevation  has  taken  place  since  the  oblitera- 
tion of  the  eocene  sea  of  the  central  Himalayas,  and  we  are  then  met  by 
the  difficulty  that  we  have  to  assume  a  rotation  of  the  whole  elevated  tract 
of  Central  Asia.  We  have  no  reason  to  suppose  that  so  large  a  mass  ol 
the  earth's  crust  would  have  sufficient  rigidity  to  allow  of  its  rotation  as  a 
whole ;  rather,  there  is  good  reason  to  suppose  that  it  would  yield  infinitely 
to  a  long  continued  stress.  Moreover,  Mr.  Fisher's  theory  takes  no  notice 
of  horizontal  compression,  which  in  the  case  of  the  Himcllayas  has  certainly 
gone  on  up  to  a  very  recent  period.  The  fact  is  this  movement  of 
rotation,  with  the  degree  of  rigidity  it  demands,  as  well  as  the  ignoring  of 
the  effects  of  lateral  compression  after  the  elevated  tract  is  formed,  are 
mere  generalisations  necessary  to  bring  the  complex  conditions  of  nature 
within  the  powers  of  mathematical  investigation,  and  are  not  intended 
to  be  taken  literally,  as  an  exact  account  of  what  actually  takes  place. 


Pig.  37. — Diagram  to  illustrate  the  theory  of  the  elevation  of  the  Himalayan,  corresponding  to 
the  right-hand  half  of  fig.  26.  Horizontal  scale  about  60  miles,  vertical  about  30  miies 
to  I  inch. 

A. — Massif  of  the  Himdlayas. 

B  — Root  of  the  same. 

C. — Earlier  marginal  deposits,  compressed  and  elevated. 

c—  Continuation  of  the  same,  depressed  and  undisturbed. 
D. — Subsequent  deposits  overlapping  C. 

b. — Sinking  of  lower  surface  of  crust  due  to  C  and  D. 

Bearing  this  in  mind,  we  have  now  to  consider  what  modifications  are  re- 
quired to  fit  the  purely  mathematical  theory  to  the  more  complex  conditions 
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of  actuality.  In  the  first  place  the  elements  of  rigidity  and  rotation  being 
abandoned,  we  need  not  consider  the  left  hand  side  of  the  diagram,  and  may 
redraw  it  in  greater  accordance  with  the  conditions  of  the  Himilayan  region 
(see  fig.  27).  We  have  now  an  elevated  region  A  subjected  to  denudation 
and  adjoining  it  an  area  extending  to  /?,  on  which  deposition  is  taking  place, 
the  deposits  being  contributed  by  the  elevated  ground  A  to  the  north, 
and  the  waste  of  the  rock  area  to  the  south.  The  tract  being  supposed  to 
be  in  equilibrium,  the  surplus  floating  power  of  i5  will  cause  it  to  rise  when 
A  is  lightened  by  denudation,  and  the  load  thrown  on  D  will  cause  it  to 
sink,  especially  in  the  neighbourhood  of  A  where  the  load  is  greatest,  till 
the  magma  displaced  by  the  lower  surface  of  the  crust  is  sufficient  to  float 
the  load.  The  result  will  be,  firstly  an  extension  of  the  depression  in  a 
direction  away  from  the  elevated  tract  Ay  and,  secondly,  a  strong  tendency 
to  either  fracture  or  flexure  of  the  crust  at  the  junction  of  A  and  D. 

As  we  may  take  the  crust  to  be  infinitely  yielding  to  long  continued 
stresses,  there  is  no  reason  why  that  produced  by  the  lightening  of  the 
one  area  and  the  loading  of  the  other  should  not  be  relieved  simply  by  the 
sinking  of  the  latter  and  the  rising  of  the  former  on  either  side  of  a  sep- 
arating plane.  But  denudation  and  deposition  are  not  the  only  forces  at 
work,  for  to  bring  the  case  into  connection  with  that  of  the  Hiroilayas, 
we  must  suppose  compression  to  be  continually  in  progress.  This  will  be 
relieved  partly  by  an  additional  elevation  of  A^  but  also  by  the  compres- 
sion and  consequent  elevation  of  the  marginal  deposits  D,  which  would 
not  offer  the  same  resistance  at  the  already  consolidated  beds  of  A,  In 
this  way  the  deposits  on  the  edge  of  the  depression  would  gradually 
come  to  fcrm  part  ol  the  tract  A^  whose  boundary  would  advance  towards 
/?,  but  not  to  the  same  extent  as  the  shifting  of  the  outer  boundary  of  the 
depression  towards  R. 

With  this  amplification,— for  it  is  no  modification  of  Mr.  Fisher's  theory, 
but  merely  a  more  detailed  explanation  of  part  of  the  process  which  does 
not  lend  itself  to  mathematic  investigation, —  we  find  it  easy  to  explain  the 
true  nature  of  the  great  reversed  faults  which  traverse  and  bound  the  Siw^- 
lik  zone.  They  mark  the  successive  limits  between  hill  and  plain,  be- 
tween the  area  of  deposition  and  depression  on  the  one  hand  and  of  denu- 
dation and  upheaval  on  the  other,  and  the  small  amount  of  disturbance 
which  may  generally  be  noticed  in  the  beds  immediately  in  contact  with 
the  fault  plane  is  explained  by  the  fact  that  their  immense  throw  is  not  due 
to  the  effect  of  horizontal  pressure  acting  on  an  inclined  plane*  but  princi- 
pally to  a  vertical  pressure,  downwards  on  the  one  side,  and  upwards  on 
the  other,  of  the  fault. 

It  appears  then,  that  ?o  far  as  the  tract  along  the  foot  of   the  hills  is 
concerned^  the  conclusions  drawn  from  observed  facts  and  from  theoretical 
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deduction  agree  with  each  other,  but  we  liave  another  check  on  the  theory, 
for,  if  it  is  true,  the  Gangetic  plain  must  have  originated  at  the  same  time 
as  the  great  mountain  range  to  the  north,  and  gradually  increased  in  width 
by  the  subsidence  of  the  rock  area  along  its  southern  margin.  Now,  when  a 
stream  issues  from  the  rock  area  on  to  the  alluvial  plain,  it  is  the  coarsest 
debris  which  is  first  deposited,  while  the  finer  grained  material  is  carried 
further  and  deposited  at  a  greater  distance  from  the  margin  of  the  alluvium. 
Consequently,  if  a  boring  be  sunk  near  the  southern  limit  ot  the  plain,  where 
it  has  been  encroaching  on  the  rock  area,  the  beds  passed  through  near 
the  surface  should  be  finer  grained  on  the  average  than  those  passed 
through  lower  down,  for  these  last  belong  to  an  earlier  period,  when  the 
edge  of  the  alluvium  was  less  distant  than  it  is  at  the  present  day.  Near 
the  northern  margin  of  the  plains  the  conditions  should  be  reversed,  for 
there  the  rock  area  has  been  encroaching  on  the  plains  and  the  upper  bed 
should  be  composed  of  coarser  debris  on  the  average  than  those  lower  down. 

The  deep  borings  that  have  been  put  down  in  the  Gangetic  plain  are 
four  in  number.  Of  these,  two,  at  Umballa  and  Fort  William  respectively, 
are  well  situated  for  testing  the  hypothesis  ;  a  third,  at  Agra,  is  less  suitable 
for  reasons  which  will  shortly  appear,  while  the  fourth,  at  Lucknow,  being 
well  out  in  the  middle  of  the  plain,  does  not  appear  to  have  gone  deep 
enough  to  give  any  evidence  of  importance. 

In  dealing  with  the  records  of  these  boreholes  we  are  harassed  by  the 
vagaries  of  nomenclature  indulged  in  by  the  men,  never  trained  geologists, 
to  whom  the  conduct  of  the  operations  was  necessarily  entrusted.  But  by 
adopting  two  classes  only,  sand  and  clay,  and  by  including  in  the  former 
'sand,'  'coarse  sand,'  'clayey  sand,'  etc.,  and  in  the  latter  'clay,* 
'silt/  'sandy  silt,'  'limey  silt,'  etc.,  a  fair  idea  will  be  reached  of  the 
relative  coarseness  of  grain  of  the  beds  passed  through  at  different  depths 
of  the  same  boring.  This  method  is  perfectly  justifiable,  as,  for  the  present 
purpose,  the  absolute  coarseness  or  fineness  of  grain  is  immaterial,  and  we 
merely  want  to  know  whether  in  any  part  of  the  bore  hole  the  beds  are  on 
the  whole  coarser  or  finer  grained  than  those  above  and  below. 

Adopting  this  system  of  classification,  we  may  make  an  abstract  of  the 
Fort  William  boring,^  thus  :  — 

o  ft.  to  loo  ft .  Sand 


loo  „  „  200  „ 

200  „  „  300  „ 

300  „  „  400  „ 

400  „  „  481 


•> 


ft 


0 

Clay  100 

11 

,,      8g 

95 

5 

98 

2 

81 

0 

The  increase  in  coarseness  of  grain  of  the  beds  passed  through  is  con- 
spicuous enough  in  this  abstract,  but  the  reality  is  even  more  striking,  for 
in  the  sand  from  x8o  feet  downwards,  some  beds  of  gravel  and  pebbly  sand 

*  For  detailed  section  see  Pecords,  XIV,  221,  (1881)  ;  Calcutta  Journ.  Nat.  Hist.,  I,  324,  (1841). 
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are  included,  and  the  boring  was  finally  brought  to  a  standstill  in  a  bed  of 
gravel  which  it  was  not  found  possible  to  penetrate. 

The  second  boring  of  importance  is  that  made  at  Umballa.^  Adopting  the 
same  broad  classification  of  clay  and  sand,  we  get  the  following  result : — 


O  ft.  to  IOC  ft. 

IOC    „  „   200  „ 

200  „  „  300  „ 

300  »,  „  400  ft 

400  »»  »»  500  „ 

500  „  „  600  „ 

600  ,9  n    101   ,» 


.  Sand  59  Clay  37 

56 

58 

54 
46 

37 
6 


Soil  4 


„  42  Kankar  2 

M  42 

»  46 

».  54 

t,  63 

»  95 


Here  we  have,  as  the  hypothesis  requires,  a  very  distinct  increase  in 
coarseness  of  texture  in  the  upper  beds  as  compared  with  the  lower. 

Besides  these  two  borings,  one  has  been  put  down  at  Agra,  the  evi- 
dence of  which  is  slightly  vitiated  by  the  peculiar  local  conditions.  The 
abstract  of  the  section  is  as  follows* :— 


0  ft,  to  100  ft. 

.  Sand  65 

Clay  35 

Ksnkar  0 

100  „    „  200  „ 

•      »     44 

.,     56 

0 

200  „    „  300  „ 

.      t>       0 

»     97i 

.             2\ 

300  „    ,,400  „ 

.     «     18 

n       76J 

Sk 

400  „    t>  48*   t» 

.     ,,       7 

,»     74 

M                 0 

Here  there  would  seem  to  be  an  increase  in  coarseness  of  texture,  both 
upwards  and  downwards,  from  200  feet.  The  explanation  of  this  is  to  be 
found  in  the  fact  that  the  surface  deposits  round  Agra  are  largely  com- 
posed of  blown  sand,  and  it  is  probable  that  the  sand  beds  found  in  the 
uppermost  160  feet  of  the  section  are  of  aeolian  origin,  while  below  that 
the  beds  are  alluvial  and  exhibit  the  gradual  upward  increase  in  fineness 
of  texture  required  by  the  hypothesis. 

The  fourth  boring  at  Lucknow  has  been  sunk  to.  a  depth  of  1,336  feet. 
As  might  be  expected  from  its  situation,  there  is  no  marked  increase  or 
decrease  in  the  coarseness  of  the  beds  passed  through,  but  near  the  bottom 
of  the  boring  some  beds  of  coarse  sand  were  found,  and  these  may  indicate 
an  approach  to  the  base  of  the  alluvium  and  mark  a  time  when  its  southern 
boundary  was  not  far  from  Lucknow. 

.  To  sum  up,  of  the  font  deep  borings  which  have  been  made,  two  are 
completely  in  accordance  with  the  hypothesis,  the  third  one  is  in  favour  of 
it,  though  its  evidence  is  vitiated  by  peculiar  local  conditions,  while  the 
fourth  is  so  situated  as  to  give  no  evidence  one  way  or  the  other  till  it  is 
carried  to  a  greater  depth. 

We  find  then  that  the  inductions  from  observed  facts  regarding  the 
southerly  advance  of  the  margin  of  the  hills,  the  nature  of  the  boundary 
between   hill  and  plain,  and  the  mode  of  formation  and  growth  of  the 

»  Records,  XIV,  233,  (1881).  I  «  Records,  XVIII,  121.  (1885). 
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Gangetic  plain,  agree  in  all  essential  points  with  the  deductions  from  Fisher's 
theory  of  mountain  formation  and  using  the  one  to  elucidate  or  amplify 
what  remains  doubtful  in  the  other,  we  may  approach  the  interesting  sub- 
ject of  the  date  of  the  commencement  of  the  elevation  of  the  Himalayas. 


The  occurrence  of  marine  nummulitic  beds  at  a  height  of  many  thousand 
feet  on  the  north  face  of  the  main  snowy  range  in  Hundes,  and  at  a  height  of 
20,000  feet  in  Zanskar,  shows  that  the  elevation  of  this  part  of  the  Himalayas 
must  have  taken  place  entirely  within  the  tertiary  period.  Further  east  we 
have  not  the  same  conclusive  evidence,  but  the  upper  cretaceous  fossils  that 
were  brought  from  north-west  of  Lhasa  show  that  the  elevation  of  this  part 
of  the  Tibetan  plateau  could  not  have  commenced  at  a  much  earlier  period. 

The  limitation  of  the  marine  mesozoic  and  palaeozoic  rocks  to  the  northern 
flnnks  of  the  main  snowy  range,  and  their  absence,  so  far  as  is  known,  to 
the  south  of  this,  may  be  due  to  an  original  limitation  of  deposit,  or  it  may 
well  be  due  to  the  country  over  which  they  are  wanting  having  been  more 
rapidly  elevated,  and  consequently  exposed  to  more  active  denudation. 
But  even  if  the  southern  limit  of  these  marine  formations  represents  ap- 
proximately the  recurrent  shore  lines  of  a  long  series  of  epochs,  it  is  diffi- 
cult to  believe  that  a  mountain  range  at  all  comparable  to  the  Himcllayas  of 
the  present  day  lay  immediately  to  the  south  of  them.  The  present  geo- 
graphical  and  geological  connection  between  the  Himalayan  range  and  the 
Tibetan  highland  is  too  close  to  make  it  at  all  probable  that  the  elevation 
of  the  latter  was  altogether  posterior  to,  and  independent  of,  that  of  the 
former,  and  consequently  the  elevation  of  the  Himalayas  as  a  mountain 
range  cannot  have  been  long  in  progress,  if  it  had  commenced,  when  the 
sea  flowed  over  Tibet  at  the  close  of  the  secondary  period. 

On  the  southern  side  of  the  Himalayas  there  is  not  the  same  direct 
evidence.  The  close  connection  between  the  older  rocks  of  the  Assam 
range,  and  the  corresponding  ones  of  the  Indian  Peninsula  has  already 
been  noticed  as  indicating  that  the  present  limits  between  the  peninsular 
and  extra-peninsular  areas  had  not  been  established  at  the  lime  that  they 
were  being  deposited,  and  the  presence  of  subaerially  formed  Gondwina 
rocks  m  the  eastern  Himcllayas  suggests,  though  it  does  not  prove,  that 
they  were  formed  in  the  same  land  area  as  those  of  the  Peninsula  and 
that  no  depression,  corresponding  to  that  now  occupied  by  the  Gangetic 
alluvium,  was  in  existence  at  the  commencement  of  the  secondary  period. 

The  complete  absence  of  any  known  exposure  of  marine  nummulitic 
rocks  between  western  Garhwil  on  the  one  hand,  and  the  Garo  hills  on  the 
other,  might  only  mean  that  the  shore  line  ran  south  of  the  present  limit 
of  the  hills,  and  that  the  nummulitic  beds  are  hidden  by  the  Gangetic 
alluvium^  but  there  is  not  so  close  a  relationship  between  the  nummulitic 
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faunas,  so  far  as  they  are  known,  of  the  Punjab  and  of  Assam  as  to  neces- 
sitate, or  even  suggest,  so  direct  a  communtcatioa  between  the  two  areas. 
There  is  consequently  some  degree  of  probability  that  the  Indo-Gan- 
getic  depression  had  not  been  established  at  the  commencement  of  the 
tertiary  period  and  we  again  get  the  close  of  the  secondary  period  as  the 
probable  date  of  the  commencement  of  the  elevation  of  the  Himalayas. 

The  stratigraphical  relatione,  between  the  nummulitic  beds  of  the  north- 
west portion  of  the  lower  Himalayas  and  the  subjacent  deposits,  point  to 
the  same  conclusion.  There  is  not  only  a  general  parallelism  of  strati- 
fication, which  might  result  from  the  compression  both  have  been  exposed 
to,  but  there  is  a  very  close  resemblance  in  the  nature  and  degree  of  disturb- 
ance they  have  undergone,  and  the  nummulitics  lie  with  perfect  parallelism 
of  bedding  on  an  eroded  surface  of  the  former  pretertiary  deposits,  wher- 
ever a  section  showing  the  original  contact  between  them  is  found. 
Were  this  merely  a  local  phenomenon  observed  on  one  or  two  isolated 
sections  no  importance  need  have  been  attached  to  it,  but  when  it  is  seen 
wherever  the  contact  between  the  two  rock  series  has  not  been  modified 
by  faulting,  from  the  inliers  of  the  Jammu  hills  on  the  one  side,  to  the 
outliers  east  of  the  Ganges  on  the  other,  it  shows  that  there  had 
been  no  appreciable  disturbance  of  the  older  rocks,  now  forming  this  part 
of  the  Him<Llayas,  when  the  nummulitics  were  deposited.  In  other  words, 
that  if  the  elevation  of  the  Himalayas  had  already  commenced  in  eocene 
times,  it  had  not  extended  into  the  north-western  portion,  or  was  confined 
to  the  central  portion  of  the  range. 

The  close  connection  in  structure  and  distribution  of  the  upper  Siwi- 
lik  conglomerates  and  the  submontane  deposits  of  the  present  time  has 
already  been  appealed  to  as  evidence,  that  the  Himcllayan  range  existed 
in  pliocene  times  with  very  much  the  same  limits  and  elevation  as  at  the 
present  day,  and  with  the  main  features  of  hydrography  already  marked 
out.  But  these  coarse  conglomerates  are  confined  to  the  upper  Siwaliks. 
As  we  descend  the  section  pebbles  get  smaller  in  size  and  less  in  number 
till,  in  the  lower  part  of  the  Siwiliks  proper  and  throughout  the  immense 
thickness  of  the  N*[hans,  not  a  pebble  is  known  to  occur.^ 

It  might  be  held  that  this  was  due  to  the  southerly  advance  of  the  foot 
of  the  hills,  and  that  we  must  look  for  the  coarse  conglomerates  of  middle 
Siw^lik  and  NcLhan  age  in  the  hills  north  of  the  main  boundary.  It  has, 
however,  been  shown  to  be  extremely  probable  that  neither  the  Siwaliks 
proper  nor  the  Nahan  group  ever  extended,  in  anything  like  their  full 
thickness,  much  to  the  north  of  the  main  boundary,  and  the  absence  of 
any  known  outlier,  though  merely  negative  evidence,  cannot   be  altogether 


*  There  is  only  one  recorded  instance  of  a 
conglomerate  supposed  to  be  of  Nilhan  age,  and 
that  case  is   so  exceptional  and  iis  age  given 


with  so  much  hesitancy,   that   it  may  well  bk 
neglected,— ^(pm^iVs,  III,  pt.  ii,  p.  135,  (18(^4). 
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commencement  of  the  tertiary  era,  for  to  the  north  of  the  fault,  which 
bounds  the  nummulitics,  we  come  to  conditions  so  different,  both  strati- 
graphically  and  structurally,  from  those  which  obtain  to  the  south  that  we 
can  no  longer  apply  the  same  arguments,  and  as  will  be  shown  presently 
the  question  of  whether  the  existence  of  a  land  area,  immediately  north 
of  the  nummulitic  outcrop  at  the  time  when  these  beds  were  being  deposit- 
ed, can  be  admitted  as  evidence  regarding  the  date  at  which  the  elevation 
of  the  Himalayas  commenced,  depends  entirely  on  the  exact  meaning  we 
attach  to  these  words. 

The  second  argument  depends  on  the  different  degree  of  disturbance 
exhibited  by  the  successive  zones.  As  can  be  seen  from  the  section,  the 
beds  in  the  outermost  zone  have  undergone  least  compression,  those  of  the 
next  more,  and  so  on.  Mr.  Middlemiss  argues  that  this  increase  in  the  dis- 
turbance the  beds  of  each  successive  zone  have  undergone,  is  the  result  of  the 
successively  greater  periods  of  time  during  which  they  have  been. exposed  to 
the  disturbing  forces,  and  that  the  far  more  intense  compression,  to  which 
the  rocks  within  the  innermost  tertiary  zone  have  been  exposed,  indicates 
that  they  have  been  exposed  to  pressure,  during  a  period  of  time,  which 
would  carry  back  the  origin  of  the  Himalayas  far  beyond  the  tertiary  era. 
To  this  it  might  be  answered  that,  even  if  the  compression  of  every  zone 
had  been  contemporaneous,  it  is  natural  to  expect  that  its  intensity  would 
not  be  everywhere  uniform,  but  would  die  out  laterally,  graduating  from  the 
zone  in  which  it  was  greatest  to  that  in  which  there  had  been  none. 

It  is,  however,  probable  that,  in  the  tertiary  zones,  the  different  degrees 
of  compression  exhibited  by  the  successive  bands  is,  to  a  large  extent,  the 
result  of  the  different  periods  during  which  they  have  been  exposed  to  com- 
pression. And  when  we  come  to  the  far  more  intense  compression  ex- 
hibited by  the  older  brocks,  which,  as  descried  by  Mr.  Middlemiss,  have 
been  cleaved  and  foliated  by  the  intensity  of  the  compression  they  have 
undergone,  he  himself  affords  an  explanation,  in  the  observation  that  the 
strike  is  often  transverse  to  that  of  the  tertiaries,  indicating  that  the  com- 
pression had  not  all  been  in  a  direction  transverse  to  the  course  of  the 
range.*  This  diversity  of  strike  is  appealed  to  as  showing  that  the  com- 
pression of  the  Himalayas  was  in  part  due  to  other,  and  older,  directions  of 
thrust  than  those  which  produced  the  folding  of  the  sub-Himdlayan  and 
many  of  the  Himdlayan  rocks. 

Here  we  are  at  once  brought  face  to  face  with  the  question  of  what  is 
meant  by  the  commencement  of  the  elevation  of  the  Himalayas.  Seeing 
that  the  present  state  of  the  range  is  the  result  of  a  long  chain  of  physical 
causation,  each  step  of  which  was  the  inevitable  result  of  all  that  went 
before,  it  is  impossible  to  say  what  was  the  first  origin  of  the  Himalayas. 

»  Memoirs,  XXIV,  183.  (1890). 
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as  having  taken  place  almosti  if  not  quite,  entirely  within  the  pleistocene 
period.  This  opinion  appears  to  have  been  adopted  in  the  first  place 
to  satisfy  the  requirements  of  his  theories  regarding  the  entombment 
of  the  mammoth  in  northern  Siberia,  but  is  based  principally  on  the 
supposed  absence  of  any  traces  of  glaciation  in  the  Himalayas,  as  also  in 
the  Altai,  Caucasus  and  Ural  mountains,  all  of  which  are  supposed  to  have 
been  elevated  within  the  pleistocene  period. 

We  have  already  shown  that  there  is  evidence  of  a  former  great  exten- 
sion of  the  Himalayan  glaciers,  evidence  which  might  be  amplified  to  almost 
any  extent,  but  the  only  instances,  in  addition  to  those  already  quoted, 
which  need  be  mentioned  here,  are  the  glaciers  on  the  Babeh  pass,  now 
barely  more  than  a  mile  in  length,  which  at  one  time  extended  at  least 
fifteen  miles  and  probably  more,  and  the  morraine  recorded  by  Colonel 
McMahon  on  the  southern  slopes  of  the  DhaoladhiLr,  at  an  elevation  of 
only  4,700  feet* 

The  Himalayan  glaciers,  it  is  true,  never  spread  over  the  low  ground  in 
great  ice  sheets  like  those  of  Europe,  but  there  is  reason  enough  for  this 
in  the  thirty  degrees  of  latitude  by  which  the  Himalayas  are  nearer  the 
equator  than  the  Alps,  and  in  the  much  greater  distance  which  separates 
the  watersheds  from  the  lowlands.  In  the  Kangra  valley,  where  alone  the 
high  mountains  rise  steeply  from  the  low  ground  at  their  foot,  there  is  good 
reason  to  suppose  that  the  glaciers  once  reached  to  below  2,000  feet  above 
the  sea.*  And  the  erratics  of  the  Potwdr*  show  that  ice  in  large  quanti- 
ties was  not  unknown  there  at  one  time.  As  it  is  out  of  the  question  to 
suppose  that  even  in  the  glacial  period  these  glaciers  could  have  origi- 
nated at  low  altitudes,  the  only  possible  conclusion  is  that  the  mountains 
must  then  have  had  very  much  their  present  elevation. 

Another  argument  for  a  greater  age  of  the  Himalayas  is  the  time  re- 
quired for  the  excavation  of  the  great  river  valleys.  Sir  H.  H.  Howorth 
avoids  this  difficulty  by  denying  that  the  valleys  are  the  work  of  the  rivers 
that  flow  through  them,  but  it  is  impossible  for  any  one  who  has  studied  the 
action  of  subaerial  denudation  not  to  see  that  the  forms  of  the  hills  and 
their  intervening  valleys  are  due  to  the  action  of  rain  and  rivers,  aided  by 
frost.  A  glance  at  the  photogp-aph  so  admirably  reproduced  in  the  froniis- 
piece  of  this  volume  will  show  to  the  initiated  eye  that  the  shape  of  the 
mountain  is  due  to  the  disintegration  of  the  rock  by  frost  and  the  removal  of 
the  debris  from  the  hollows  by  streams  and  glaciers,  and  not  to  any  disrup- 
tive force.  Even  if  we  could  acknowledge  that  the  courses  of  the  drain- 
age were  in  the  first  instance  determined  by  fissures,  a  long  period  of  time 
would  be  required  for  the  opening  out  of  the  valleys  and  the  removal  of  that 
vast  mass  which  the  beds  of  the  Siwilik  series  tell  us  was  brought  dowi^ 
from  the  Himalayas. 
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^  Records,  \X,s(>»{^^l^y 


*  Records,  X,  140,  (1877)  j  Supra,  p.  42. 


Chap,   XVJII.  ]  RECENT   INCREASE   OF   ELEVATION.  485 

These  arguments  would  be  sufficient  to  show  that  the  Himalayas  must 
have  existed  as  a  mountain  range  previous  to  the  glacial  period  at  any 
rate,  but  it  is  not  necessary  to  appeal  to  them,  for  the  evidence  of  the 
pliocene  sub-Himalayan  deposits  shows  that  the  range  must  then  have  had 
very  much  its  present  elevation,  with  the  main  features  of  the  existing 
drainage  system  already  marked  out. 

The  close  agreement  in  the  results  attained  by  the  several  distinct 
lines  of  purely  geological  reasoning,  and  that  derived  from  the  pecu- 
liarities of  the  living  Tibetan  fauna,  gives  a  very  strong  presumption  in 
favour  of  the  correctness  of  the  conclusion  arrived  at,  and  discredits  at  once 
the  hypotheses  of  an  older  or  a  later  date  for  the  origin  of  the  Himalayas 
than  here  maintained.  There  seems,  however,  to  be  this  much  truth 
in  Sir  H.  H.  Howorth's  supposition  of  the  recent  rise  of  the  Himalayas,  that 
their  elevation,  if  not  still  in  progress,  has  only  recently  ceased,  and  that 
they  are  probably  now  somewhat  higher  than  they  were  during  the  glacial 
period. 

The  evidence  pointing  to  this  is  of  various  kinds.  There  is,  firstly,  the 
natural  presumption  that  the  mountains  which  now  form  the  most  elevated 
peaks  of  the  world  cannot  be  in  a  state  of  decadence,  and  as  there  is  no 
such  thing  as  rest  in  nature,  that  they  must  be  still  growing.  Then 
there  are  two  recorded  cases^  where  a  differential  movement  of  the  oppo- 
site sides  of  a  fault  has  taken  place  at  so  recent  a  period  as  to  cause 
interruption  of  the  minor  drainage  courses,  and  to  exhibit  itself  as  a  distinct 
rise  in  the  surface  of  the  ground,  which  has  hardly  been  modified  at  all  by 
denudation.  These  earth  movements  show  that  the  Himilayas  are  still 
in  a  state  of  strain,  and  we  may  naturally  conclude  that  this  strain  is  due 
to  the  compression  which  has  caused  their  elevation. 

Better  evidence  is  yielded  by  the  sub-recent  fossil  fauna  of  the  Hundes 
plain.  It  was  formerly  believed  that  this  fauna  was  tertiary,  the  presence 
of  a  rhinoceros  was  supposed  to  indicate  that  the  deposits  must  have  been 
formed  at  a  very  much  lower  level  than  that  at  which  they  are  now  found, 
and  that  they  had  subsequently  been  elevated  several  thousand  feet  without 
any  discernible  disturbance.  The  incorrectness  of  the  first  supposition  has 
already  been  shown.'  The  last  is  one  that  cannot  be  granted,  and  as  regards 
the  second,  the  presence  of  the  peculiar  Tibetan  genus  Pantholops  out* 
weighs  the  evidence  of  the  rhinoceros.  It  is  true  that  a  rhinoceros  could 
not  exist  on  the  present  plains  of  Tibet,  not  on  account  of  the  cold,  for  the 
Tibetan  species  may  well  have  been  protected  from  that  by  a  thick  coat  of 
fur,  but  on  account  of  the  impossibility  of  its  picking  up  a  living  from  the 
scanty  vegetation  of  these  arid  plains.  It  must  not  be  forgotten,  however, 
that  there  would  almost  certainly  be  shallow  lakes  and  swamps,  when  these 
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deposits  were  being  formed,  and  at  the  present  day  the  river  vaJleys  of 
Tibet,  even  at  a  height  of  over  13,000  feet,  can  under  such  circumstances 
support  a  growth  of  grass  and  shrubs  which  could  easily  have  given  sus- 
tenance to  the  rhinoceros  of  Hundes.  This  animal  in  any  case  shews  that 
the  climate  of  Hundes  must  have  been  somewhat  milder  than  it  now  is,  and 
as  there  is  little  difficulty  in  supposing  that  these  deposits  may  have  been 
raised  1,000  to  2,000  feet  without  any  appreciable  disturbance,  though  it  is 
impossible  to  grant  an  elevation  of  10,000  to  15,000  feet,  we  may  well  sup- 
pose that  this  increased  inclemency  of  climate  is  partly  due  to  the  desicca- 
tion resulting  from  the  change  of  condition  of  the  rivers,  from  deposition  to 
erosion,  and  partly  to  an  increased  altitude  of  the  plains  and  of  the  moun- 
tains south  of  them. 

The  gradual  desiccation  of  the  Tibetan  lakes  points  to  the  same  con- 
clusion. There  are  no  data  available  regarding  the  rate  at  which  this  is 
taking  place,  but  the  fact  that  some  have  dried  completely  up,  while  others 
show  but  little  reduction  on  their  original  size,  indicates  that  the  process  is 
still  in  progress  and  that  the  climate  of  Tibet  was  once  moister  than  it 
now  is.  There  appears  to  be  but  one  explanation  possible  of  this  increased 
dryness  of  climate,  and  that  is  a  rise  of  the  mountains  to  the  south,  which 
has  resulted  in  a  more  complete  cutting  off  of  the  moisture  from  the  mon- 
soon winds. 

The  cause  of   the  origin  of  these  lakes  in  Tibet  is    not  thoroughly 
established.     Ever  since  the  publication  of  Mr.  Drew's  book  on  the  Jammu 
and    Kashmir  territories   it  has  been  customary  to  attribute  their  origin  to 
the  damming  up  of  the  main  valleys  by  the  fans  of  tributaries,   which 
attained  a  great  development  during  the  glacial  periods,  when  the  disinte- 
gration of  the  rocks  was  more  rapid  than  it  now  is,  while  the  transporting 
power  of  the  streams  was  no  greater  if  so  great.     The   present  writer  is 
unable  to  accept  this  view  in  its  entirety.    In  the  case  of  the  Pangong  lake 
he  believes  that  its  formation  is  entirely  due  to  differential  movements    of 
the  surface,  which  raised   a  portion  of   the  original  river  bed  at  a  more 
rapid  rate  than  the  stream  was  able  to  erode  and  dammed  back  the  drainage 
to  produce  the  present  lake.     Even  in  the  case  of  the  Tsomoriri  in  Rupshu, 
which  is  accepted  as  the  typical  instance  of  a  lake  formed  by  a   tributary 
fan,  he  has  shown^  that  there  is  reason  to  believe  that  this  fan  could   not 
have  caused  an  interruption  of  the  drainage  had  there  not  been  an  eleva* 
tion  of  a  portion  of  the  river  valley  further  down  its  course,  and  a  conse- 
quent diminution  of  the  gradient.    Whatever  may  be  the  cause  of  origin  of 
these  lakes  there  seems  no  reason  to  doubt  that  the  broad  shingle  plains, 
which  so  frequently  occur  just  above  where  the  rivers  enter  a  gorge,  are 
produced  by  a  check  in  the  gradient  consequent  on  a  recent   elevation    of 
the  river  bed  in  the  gorge,  and  consequent  checking  of  the  gradient  im* 
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mediately  above  it.  A  similar  action  might  well,  under  favourable  circum- 
stances, give  rise  to  the  formation  of  an  actual  lake,  while  the  existence  of 
an  exit  would  depend  on  the  rapidity  of  the  movement,  the  supply  of 
water,  and  the  nature  of  the  climate.  Whether  such  has  actually  been  the 
case  or  not,  there  have  certainly  been  irregular  movements  of  the  beds  of 
the  streams  and  rivers  within  what  is,  geologically  speaking,  a  very  recent 
period,  and  these  irregular  movements  can  only  be  regarded  as  evidence 
that  the  disturbance  which  caused  the  elevation  of  the  Himalayas  is  still  in 
progress. 

Thus,  from  whatever  point  of  view  we  look  at  the  subject,  we  see  that 
the  decadence  of  the  Himalayas  has  not  yet  begun,  but  whether  they  have 
yet  reached  their  maximum  development  is  not  so  clear.  There  are  no 
data  from  which  we  can  decide  whether  the  rate  of  elevation  in  the  imme- 
diate past  has  been  greater  than  at  present  or  no,  but  looking  to  the 
general  indications,  throughout  the  world,  that  the  great  earth  movements, 
which  caused  such  profound  changes  in  the  form  and  distribution  of 
land  and  sea  during  the  tertiary  period,  have  reached  their  close,  and  that 
the  present  is  a  period  of  comparative  quiescence  in  the  history  of  the 
earth,  we  may  suppose  that  the  chapter  devoted  to  the  elevation  of  the 
Himalayas  is  reaching  its  close  and  that  they  soon  will  enter  on  their 
decay. 


There  remains  one  more  point  to  be  referred  to  before  finally  dismissing 
the  subject  of  the  origin  of  the  Himalayas,  and  that  is  the  supposed  con- 
nection  between  mountain  ranges  and  sedimentation.  The  enormous 
thickness  of  sedimentary  deposits  seen  in  the  sections  exposed  in  moun- 
tain ranges  has  been  frequently  noticed,  and  by  many  observers  their  ac- 
cumulation has  been  regarded  as  the  immediate  precedent,  and  proximate 
cause,  of  the  mountain  ranges.  It  is,  however,  doubtful  whether  in  this 
case  cause  and  effect  have  not  been  confused.  Sedimentary  accumulations 
of  great  thickness  are  known  elsewhere  than  in  mountain  ranges,  but  it  is 
only  where  the  beds  have  been  turned  up  at  steep  angles  and  extensively 
denuded  that  their  thickness  becomes  conspicuous,  and  it  is  only  where  a 
great  thickness  of  sediment  has  been  previously  accumulated  that  moun- 
tains can  be  formed  of  stratified  deposits.  Otherwise  the  underlying 
crystalline  and  metamorphic  rocks  will  soon  be  exposed  by  the  denudation 
which  is  always  much  more  active  in  mountain  ranges  than  in  more  level 
ground.  The  subject  is,  however,  of  sufficient  importance  and  interest  to 
make  it  necessary  to  inquire  whether  there  is  any  indication  of  a  con- 
nection between  the  present  position  of  the  Himalayas  and  the  distribution 
of  the  sedimentary  deposits  which  preceded  its  elevation. 

In  the  north-west   Himalayas  there  is   a  great  series  of  sedimentary 
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deposits,  ranging  through  the  palaeozoic  and  mesozoic  eras,  which  represent 
long  periods  of  accumulation  of  sediment  in  enormous  thicknesses  of  strata. 
Here  there  is  a  distinct  temptation  to  regard  the  mountain  range  as  the 
result  of  this  vast  accumulation  of  stratified  deposits,  but  as  we  trace  the 
range  to  the  eastwards  difficulties  come  in. 

The  zone  of  marine  deposits  found  north  of  the  line  of  highest  peaks 
in  that  part  of  the  Himdlayas  which  has  been  accessible  to  exploration 
has  been  referred  to,  as  well  as  the  non-recognition  of  these  beds  south  of 
the  main  range.  How  far  the  same  distribution  holds  good  further  east 
it  is  impossible  to  say  with  certainty,  but  we  know  that  Jurassic  and 
cretaceous  fossils  have  been  obtained  from  the  region  north  of  the  hills  of 
Nepdl  and  Sikkim  and  the  discovery  of  sedimentary  strata  of  unknown, 
but  probably  tertiary,  age  near  the  Cholamo  lakes  seems  to  indicate  that 
the  same  parallelism  between  the  boundary  of  the  sedimentary  deposits 
and  the  line  of  highest  peaks  prevails  at  least  as  far  east  as  Sikkim. 
Whether  the  present  limit  is  in  the  main  due  to  an  original  limit  of  de- 
position or  to  the  effects  of  disturbance  and  denudation  is  for  the  moment 
unimportant.  The  absence  from  the  main  range  and  the  hills  to  the  south 
of  them,  so  far  as  is  known,  of  any  extensive  series  of  sedimentary  strata 
later  than  older  palaeozoic  or  even  older,  precludes  the  idea  that  the  eleva- 
tion  of  the  range  was  immediately  consequent  on  a  great  accumulation  of 
strata. 

In  the  eastern  Himalayas  our  difficulties  are  still  very  great  owing  to 
the  scanty  observations  available.  The  only  sedimentary  deposits  that 
could  possibly  be  marine,  or  that  have  any  great  thickness,  are  certainly 
long  anterior  to  the  carboniferous  in  age,  and  these  occupy  a  very 
small  area  in  comparison  with  the  great  expanse  of  crystalline  schists, 
gneisses  and  granites.  But  there  are  some  small  patches  of  coal  bearing 
Damuda  rocks,  which  have  been  recognised  at  several  spots  along  the 
outer  edge  of  the  Himalayas,  and  are  important  as  showing  that  this  re- 
gion was  dry  land,  at  the  close  of  the  palaeozoic  era,  when  marine  forma- 
tions many  thousands  of  feet  in  thickness  were  being  deposited  in  the 
north-west.  It  is  not  possible  to  say  that  no  marine  strata  of  later  date 
than  permian  exist  in  the  eastern  Himalayas,  but  it  may  be  taken  as 
tolerably  certain  that,  if  present,  they  cannot  be  of  a  very  great  extent 
or  thickness,  and  this  portion  of  the  Himalayas  appears  to  have  been  a 
land  area  continuous  with  that  of  the  Peninsula  throughout  the  secondary 
era,  such  interruptions  of  continuity  as  there  may  have  been,  if  there  were 
any  at  all,  being  of  minor  importance  and  only  temporary.  But  though  this 
portion  of  the  Himalayas  was  a  land  area,  there  is  no  reason  for  supposing 
it  was  a  mountain  range  at  these  early  periods  ;  the  great  height  of  the 
snowy  peaks  suggests  that  their  upheaval  must  have  been  comparatively 
recent,  and  the  palpable  unity  of  the  range  as  a  whole   prevents  us  from 
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ascribing  a  much  earlier  date  to  this  portion  than  to  the  rest,  which  it  has 
been  shown  could  not  have  existed  in  its  present  form  in  the  secondary 
era. 

In  view  of  this  divergence  between  the  eastern  and  western  portions 
of  the  range,  it  is  impossible  to  attribute  the  rise  of  the  Himalayas  to  the 
sedimentation  in  what  is  now  its  north-western  portion,  and  we  must  look 
to  some  more  wide  reaching  and  deep  seated  cause  for  its  present  position 
and  course — a  cause  which  was  independent  of  and  able  to  obliterate  long 
standing  structural  features  and  to  introduce  new  lines  of  separation 
between  areas  of  elevation  and  subsidence. 


CHAPTER  XIX. 

Geological  History  of  the  Indian  Peninsula. 

Earliest  periods— Origin  of  Arivallis  and  East  Coast— Mesozoic  Indo-Afrtcan  continent — Origin 

of  the  West  Coast  and  Western  Ghats. 

The  previous  chapters  of  this  book  have  principally  been  devoted  to  the 
stratigraphical  description  of  the  various  rock  systems  of  India,  and  though 
reference  has  been  made  in  the  course  of  this  description  to  changes  in 
the  distribution  of  land  and  sea,  and  to  the  earth  movements  which  have 
marked  out  the  salient  features  of  Indian  geography,  such  references  have 
necessarily  been  somewhat  swamped  by  other  matter.  This  chapter  will 
consequent!}  be  devoted  to  a  brief  resume  of  the  geological  history  of 
India,  of  those  changes  of  land  and  sea  through  which  it  has  reached  its 
present  form. 

The  earliest  stages  of  the  geological  history  of  India,  as  of  all  other 
history,  are  wrapped  in  obscurity.  Dimly  we  can  discern  an  old  land 
surface  composed  partly  of  a  very  ancient  granitoid  rock,  which  had  even 
then  solidified,  been  penetrated  with  quartz  veins  and  trap  dykes,  and 
exposed  to  extensive  denudation,  and  partly  of  later  rocks,  themselves  the 
product  of  the  denudation  of  the  granitoid  gneiss.  From  the  waste  of  this 
land  surface  the  rocks  of  the  Dhdrwir  svstem  were  formed,  in  a  sea  where 
volcanoes  poured  forth  their  lavas  and  ashes,  much  as  at  the  present  time. 
But  whether  any  living  thing  was  to  be  found  in  this  sea,  or  whether  the 
earth  was  still  unfit  for  the  support  of  either  animal  or  vegetable  life,  it  is 
impossible  to  say. 

These  Dhiirvv^r  deposits  were  in  their  turn  compressed,  contorted  and 
exposed  to  great  denudation  before  the  commencement  of  the  Cuddapah 
epoch,  but  it  is  impossible  to  trace  even  approximately  the  changes  of  dis- 
tribution of  land  and  sea  during  this  earliest  period  of  the  geological 
history  of  India. 

With  the  commencement  of  the  Cuddapah  epoch,  some  definite  indica- 
tion of  the  distribution  of  land  and  sea  appear.  All  Southern  India,  south  and 
west  of  the  Cuddapah  and  Kalidgi  basins  appears  to  have  been  dry  land, 
while  the  sea  spread  out  to  the  east  over  part  of  the  present  Bay  of  Bengal, and, 
to  the  north  over  what  are  now  the  Nizam's  dominions  and  the  Central  Prov- 
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inces.  The  exact  limits  of  this  sea  cannot  be  defined  with  accuracy,  western 
Bengal  and  Chuti^  Nigpur  were  probably  dry  land,  and  this  rock  area 
probably  stretched  to  the  north-east  over  the  Gangetic  delta,  to  Assam  and 
the  eastern  Himalayas.  In  Bundelkhand  there  was  dry  land,  to  the  south 
of  which  the  Bijiwar  sea  spread  to  the  valleys  of  the  Narbadi  and  the 
Son  but  had  probably  been  obliterated  by  the  time  the  Cuddapahs  were 
deposited,  and  at  a  later  period  a  fresh  depression  admitted  the  sea  to  the 
north-west  of  Bundelkhand,  in  which  the  beds  of  the  Gwalior  system  were 
deposited. 

Nothing  is  known  of  the  early  geological  history  of  the  great  area 
covered  by  the  Deccan  trap,  nor  of  what  was  going  on  where  the  Himi- 
layas  now  standi  or  where  the  Indus  and  Ganges  rivers  have  spread  their 
alluvial  plains.  In  fact,  what  with  complete  want  of  information  regarding 
the  greater  portion  of  the  area,  and  the  incompleteness  of  that  available 
regarding  the  rest,  the  conclusions  that  can  be  drawn  regarding  these 
earliest  periods  of  the  geological  history  of  India  are  of  the  most  meagre 
description.  This  much,  however,  seems  certain  that  none  of  the  leading 
features  of  Indian  geography  of  the  present  day  had  been  marked  out,  none 
of  the  mountain  ranges  had  arisen,  none  of  the  great  river  valleys  had  com* 
menced,  and  the  distribution  of  land  and  sea  was  very  different  to  what  we 
now  aee. 


The  close  of  the  Cuddapah  epoch  appears  to  have  witnessed  the  com- 
mencement of  the  earliest  of  those  earth  movements  whose  effects  on  the 
surface  contours  and  geography  of  India  are  still  prominently  noticeable. 
It  was  then  that  the  great  mountain  range,  of  which  the  present  Arivaliis 
are  but  the  wreck,  was  raised,  and  extending  far  beyond  its  present 
limits,  stretched  across  what  is  now  the  Gangetic  plain,  possibly  even  to 
the  Himilayas.  At  the  same  time  another  zone  of  contortion  was  formed 
running  along  the  south  side  of  the  Son  and  Narbadd  valleys,  which  was 
probably  marked  by  a  range  of  mountains  or  hills,  not  rising  to  the  same 
height  or  importance  as  the  Arivallis,  and  bearing  much  the  same  relation 
to  them  as  the  hills  west  of  the  Indus  alluvial  plain  do  to  the  Himalayas 
of  the  present  day. 

To  the  same  date  must  probably  be  ascribed  the  zone  of  contortion 
which  runs  along  the  eastern  margin  of  the  Cuddapah  basin  and  can  be 
traced  northwards  to  the  God^vari  valley. 

These  three  zones  of  contortion,  whose  disturbance  took  place  during 
the  Vindhyan  epoch,  and  must  once  have  been  marked  by  mountain  ranges 
much  more  important  in  size  and  elevation  than  their  remnants  at  the 
present  day,  seem  to  be  due  to  the  last  great  movement  of  compression 
which  has  affected  the  rocks  of  the  Peninsula.  Since  then  the  disturb- 
ances have  principally  taken  the  form  of  movements  of  elevation  and  sub- 
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sidence,  only  to  a  comparatively  minor  extent  accompanied  by  compres- 
sion of  the  rocks,  and  it  is  interesting  to  note  that  the  earth  movements  of 
this  period  have  still  their  influence  on  the  limitation  of  the  Peninsula. 

On  the  north-west  the  Aidvallis  have  remained  the  boundary  of  the 
peninsular  land  area.  West  of  them  the  great  desert  of  western  Raj- 
putclna  was  alternately  land  and  sea  through  long  ages,  but  the  sea  never 
spread  east  of  the  barrier  of  the  Arivaliis.  On  the  south-east  the  bend 
ot  the  east  coast  north  of  Madras  follows  too  closely  the  general  course 
of  the  Nallamalai  range  for  the  connection  to  be  accidental,  and  as  we 
know  that  from  the  Jurassic  period  to  the  present  day  the  position  of  the 
coast  has  been  practically  where  it  now  lies,  we  may  naturally  conclude 
that  its  course  had  been  laid  down  at  an  even  earlier  period,  contempo- 
raneously with  the  great  Vindhyan  epoch  of  disturbance.  In  the  course  of 
ages  there  have  no  doubt  been  alternate  elevations  and  depressions  of  the 
land,  at  times  it  has  encroached  on  the  sea,  at  times  the  sea  has  flowed 
over  what  is  now  dry  land.  But  the  fact  that  the  only  marine  deposits 
in  this  part  of  India  are  confined  to  the  neighbourhood  of  the  coast,  their 
small  thickness,  the  manner  in  which  they  thin  out  away  from  the  sea, 
and  the  character  of  the  rocks,  indicate  that  when  they  were  formed  the 
shore  line  could  not  have  been  far  off,  and  point  to  a  persistence  of 
the  general  run  and  position  of  this  the  oldest  feature  of  the  geogfraphy 
of  India. 

The  Vindhyan  epoch  is  the  age  to  which  the  rise  of  the  Arivallisand 

the  demarcation  of  the  east  coast  has  been  ascribed,  but  what  this  age  is 

in  terms  of  the  European  sequence  there  is  no  means  of  determining.    The 

upper  Vindhyans  have  been  looked   upon   as  devonian,  on  the  strength  of 

their  resemblance  to  the  Table    Mountain  sandstone  of  South  Africa,   and 

though  the  evidence  is  insufficient,  it  is  certain  that  they  cannot   be    much 

newer  than  the  date  indicated,  and  it  seems  difficult  to  make  them  much 

older.     They  may  consequently  be  ascribed  to  some  portion  of  the  middle 

or  latter   end  of   the   lower   palaeozoic,  and  it  is  to  be  regretted  that  no 

more  exact  correlation  can  be  made,  for  we  find  that  in  silurian  times  the 

sea   flowed   over   the   north-west   Punjab  and  the  north-western  portion 

central   Himalayas,   and    over   the  hills  east  of   the  Irawadi  valley.     No 

silurian  deposits  have  been  found    in   that  small  portion  of   the  eastern 

Himalayas    which   has    been  examined,  nor  in  Assam,  and  it  is  probable 

that  the   land  area  stretched  north  eastwards  from  the  Peninsula  over 

these  regions  in  silurian  times,  as  it  seems  certainly  to  have  done  at  a  later 
period. 

Towards  the  close  of  the  palaeozoic  era,  at  a  period  corresponding 
to  the  upper  carboniferous  of  European  chronology,  we  have  some  definite 
information  regarding  not  only  the  distribution  of  land  and  sea,   but  also 
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the  climate.  The  great  Gondwdna  era  opened  with  a  period  of  exception- 
al cold.  The  Peninsula  was  a  land  area  over  which  many  large  lakes  were 
probably  scattered,  while  on  land  there  were  glaciers  flowing  down 
into  these  lakes,  and  into  the  sea  which  covered  part  of  the  great  Indian 
desert,  the  north-west  Punjab,  and  a  very  any  large  portion,  if  not  the 
whole,  of  the  area  occupied  by  the  Himalayas  west  of  the  Ganges  valley. 
The  same  sea  appears  to  have  stretched  westwards  to  the  furthest  boun- 
dary of  Afghdnistin,  and  it  was  continuous  in  some  way  with  that 
which  flowed  over  eastern  Australia.  It  is  not  clear  whether  this  com- 
munication was  round  the  south  and  west  of  the  Peninsula  or  round  the 
east  and  north.  We  know  from  the  evidence  of  the  Salt  range  fossils 
that  after  the  glacial  period  there  was  an  irruption  of  European  forms  and 
a  complete  change  of  type  of  the  fauna ;  this  period  was  one  of  extensive 
changes  of  land  and  sea  when  vast  areas  in  South  Africa  and  Australia 
were  converted  into  dry  land,  there  is  consequently  a  possibility  that  sea 
stretched  south  of  the  Indian  peninsula  and  the  close  affinity  of  the 
two  faunas  is  more  in  favour  of  this  direct  communication,  than  of  one 
round  by  the  more  circuitous  route  round  the  north  of  the  peninsular 
area,  which  seems  at  that  time  to  have  extended  much  further  to  the  north- 
east than  it  now  does.  At  the  close  of  the  Jurassic  period  the  Indian 
peninsula  was  still  dry  land,  the  east  coast  was  not  very  far  removed 
from  its  present  position,  and  on  the  west  the  sea  flowed  over  Cutch,  the 
Indian  desert  and  the  north-west  Punjab  and  central  Himcllayas.  It  is 
not  possible  to  say  whether  the  north-easterly  extension  of  the  peninsular 
area  over  Assam  was  still  dry  land,  but  the  land  connection  with  Africa  was 
still  maintained.  Still  the  presence  of  some  eastern  species  in  the  western 
sea  shows  that  there  must  have  been  either  a  temporary  and  direct, 
or  more  permanent  and  circuitous,  connection  between  the  two.  If 
the  first  of  these  explanations  is  the  correct  one  there  may  have  been  a 
temporary  subsidence,  by  which  the  land  communication  between  Africa 
and  India  may  have  been  severed  for  a  time,  and  certain  forms  of  life 
enabled  to  cross  from  one  maiine  province  to  the  other.  The  alter- 
native explanation  would  be  that  the  form  which  is  common  to  the  two 
areas,  being  an  abundant  and  wide  ranging  one,  was  endowed  with  great 
powers  of  spreading,  and  reached  the  western  sea  round  the  north-easterly 
prolongation  of  the  Indian  peninsular  land  area. 

In  the  cretaceous  period  the  land  connection  with  Africa  was  still 
maintained,  the  eastern  coast  line  of  the  continent  ran  not  very  far  from 
the  present  east  coast  of  India,  across  the  Ganges  delta,  and  along  the 
south  side  of  the  Assam  hills.  On  the  west  of  India  a  different  sea  flowed 
over  Arabia  and  the  Arabian  Sea  and  extended  inland  at  least  as  far  as 
Birwai  on  the  Narbada.  Sea  also  flowed  over  the  hilly  country  west  of 
the  Indus  alluvium  and  over  Tibet. 
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The  close  of  the  cretaceous  period  witnessed  that  grea  outburst  of 
volcanic  activity  which  buried  the  whole  of  western  India  deep  in  lavas 
and  ashes,  and  extended  from  Sind  on  the  one  hand  to  Rij^mahendri  on 
the  other.  It  is  not  improbable  that  this  great  outburst  may  have  been  con- 
nected, as  it  was  probably  contemporaneous,  with  the  commencement  of 
that  great  series  of  earth  movements  which  resulted  in  the  elevation  of  the 
Him<(Iayas  and  the  extra  peninsular  mountain  ranges  generally.  But  how- 
ever this  may  be,  the  lava  flows  must  have  obliterated  all  the  pre-existing 
surface  features  and  the  origin  of  the  main  features  of  the  drainage  system, 
of  the  northern  part  of  the  Peninsula  at  least,  cannot  be  ascribed  to  an 
earlier  date  than  the  close  of  the  Deccan  trap  period. 

In  the  tertiary  era  we  find  no  further  evidence  of  a  land  connection 
with  Africa;  at  an  early  period  the  west  coast  was  approximately  in  its 
present  position,  and  it  is  probable  that  at  the  cicse  of  the  cretaceous  or 
commencement  of  the  eocene  period  the  great  Indo-African  continent  was 
iinally  broken  up,  and  all  but  the  remnants  in  India  and  South  Africa  sunk 
finally  beneath  the  sea. 

The  eocene  sea  flowed  over  western  Rajputdna  and  the  Indus  valley 
to  the  west,  over  a  large  part  of  Baluchistan  and  Afghinistin,  and  over 
the  whole  of  the  north-west  Punjab  and  the  outer  Himalayas  as  far  east 
as  the  Ganges  river.  We  do  not  know  if  this  sea  stretched  eastwards  to 
the  north  of  the  Peninsula  till  it  joined  that  in  which  the  nummulitics  of 
Assam  and  Burma  were  deposited,  but  on  the  whole  it  more  probably  did 
not.  Sea  also  flowed  over  the  central  Himalayas  and  was  probably  con- 
tinuous with  that  just  referred  to,  across  the  north-western  termination 
portion  of  the  range. 

One  of  the  first  effects  of  the  great  series  of  earth  movements,  which 
resulted  in  the  formation  of  the  mountain  ranges  of  extra  peninsular  India, 
was  an  encroachment  of  land  on  sea,  and  the  driving  back  of  the  sea  first 
from  the  Himilayan  and  Punjab  areas,  and  fin.illy  from  Sind  and  Burma. 
The  same  period  as  witnessed  the  gradual  growth  of  the  Himalayas  also 
saw  the  rise  of  the  Arakan  Yoma,  and  Manipur  and  Nigi  hills,  on  the  one 
hand,  and  the  greater  part  at  any  rate  of  the  Afghanistan  and  Baluchistin 
hills  on  the  other,  and  as  the  most  important  part  of  this  history  has  been 
told  in  the  last  chapter  it  will  not  be  necessary  to  repeat  it  here. 

It  would  have  been  in  the  last  degree  extraordinary,  if  such  extensive 
and  violent  earth  movements  all  around  it  had  been  accompanied  by 
absolute  quiescence  in  the  Indian  peninsula,  but  such  disturbance  as  may 
have  taken  place  in  no  way  took  the  form  of  compression,  and  the  onlv 
change  which  can  be  attributed  to  this  period  is  the  origin  of  the  Western 
Ghits.  Reference  was  made  in  the  first  chapter  to  the  difficulty  of  ac- 
counting for  this  feature,  and  its  resemblance  to  a  line  of  sea  cliffs  modi- 
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fied  by  subaerial  denudation  was  noticed,  as  well  as  the  occurrence  of  a 
land  shell  closely  allied  to  a  marine  form.  But  though  the  sea  may  once 
have  washed  the  foot  of  the  ghcits,  it  is  impossible  to  grant  that  they  owe 
their  origin  entirely,  or  even  largely,  to  marine  denudation.  Marine 
denudation  works  slowly  on  hard  rocks,  and  during  the  ages  that  would  have 
been  required  for  the  sea  to  carve  the  low  lands  of  the  Konkan  out  of  the 
Deccan  trap,  it  is  inconceivable  that  the  rivers  would  not  have  cut  their 
valleys  much  further  back  into  the  scarp  than  they  have  done.  It  is  far 
more  probable  that  the  main  features  are  due  to  late  tertiary  earth  move- 
ments, and  the  great  rock  basins  of  the  Narbadi  and  T^pti  valleys  show 
most  conclusively  that  there  has  been  a  movement  of  elevation  to  the  west, 
which  certainly  checked  and  may  even  for  a  time  have  interrupted  the 
flow  of  those  rivers,  while  the  ground  along  the  foot  of  the  ghdts  has  not 
been  closely  enough  examined  either  to  prove  or  disprove  the  hypothesis. 

Whatever  may  have  been  the  cause  of  the  origin  of  the  Western  Ghits, 
the  present  easterly  tread  of  the  peninsular  drainage  must  be  an  ancient 
one,  for  had  there  been  any  considerable  rivers  flowing  to  the  west  they 
would  have  preserved  their  channels,  or  if  the  movement  had  been  suffi- 
ciently rapid  to  reverse  the  course  of  the  drainage,  deep  gaps  would  have 
been  left  to  mark  their  former  course.  There  is  only  one  such  gap,  the 
Pcilghit,  north  of  the  Travancore  hills,  and  it  is  possible  that  a  river  may 
once  have  flowed  westwards  through  this,  whose  drainage  was  reversed  by 
the  earth  movements  which  raised  the  Western  Ghits,  leaving  the  lower 
part  of  its  course  to  be  occupied  by  a  much  smaller  stream,  while  the  bulk 
of  the  drainage  was  diverted  to  the  east.  With  this  possible  exception  it 
is  probable  that  the  main  features  of  the  peninsular  drainage,  the  two  great 
westerly  flowing  rivers  to  the  north,  and  the  series  of  easterly  flowing  ones 
further  south,  were  marked  out  at  the  close  of  the  Deccan  trap  period. 

We  see  then  that  the  origin  of  the  west  coast  of  India  dates  from  the 
middle  of  the  tertiary  epoch  or  a  little  earlier,  when  the  dry  land  which 
stretched  westwards  into  the  Arabian  Sea  was  depressed,  and  at  the  same 
time  that  to  the  east  was  elevated  to  form  the  Western  GhAts,  the  most 
recent  and  also,  perhaps  more  correctly  therefore,  the  most  conspicuous 
feature  in  the  geography  of  the  Indian  Peninsula. 
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31.  57.  58* 

Bhfmi  R. 

17      0 

77    59 

84,87- 

Bhit  H. 

26    10 

67    40 

305. 

Bhita      . 

25    19 

82    21 

94. 

Bhopdl   . 

23    16 

77    26 

3.  264,  275. 

Bhor  Ghdl 

iS    47 

73    23 

261,  271. 

Bhuj      . 

23     13 

69    49 

216,  220. 

Bhusdwal 

21       I 

75    47 

401. 

Bhutan  . 

27      0 

89    30 

45.  149,  34»' 

Bhutra  • 

23      2 

7«    50 

399. 

Biina     . 

26    54 

77    21 

70.  72. 

Bids  R.  . 

31    45 

75    30 

45«^- 

Bibinani 

•         t 

29    42 

67    26 

293.  3^0, 
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Latitude. 

Longitude, 

Page. 

Bfdar     .        .                  .         . 

0 
17 

1 
53 

0         f 

77    34 

374. 

Bidoung  H.     . 

1                     i 

19 

23 

94    57 

147. 

Bijiwar 

24 

37 

79    3> 

51- 

Bijori 

22 

22 

78    29 

167. 

Bikaner 

28 

0 

73    22 

226,  308,  455. 

BiUspur 

22 

5 

82     12 

5.  165. 

Bilheri    • 

23 

47 

80    20 

99- 

Billa  Surgam  . 

15 

25 

78     15 

395. 

Bfrbhum 

23 

54 

87    34 

152,176,378,392. 

Bisrdmgatij     • 

« 

24 

50 

80    19 

97. 

Blaini  R. 

30 

55 

77      8 

"33. 

Bodhdn 

21 

17 

73      8 

301. 

Bogapini 

25 

20 

91    46 

6i.  330,  331. 

Boghin  R. 

24 

58 

80    32 

97. 

Boileauganj     • 

31 

6 

77     10 

134. 

Bokdro  R. 

23 

47 

85    42 

166, 171. 

Bolan  Pass     • 

29 

52 

67     i6 

29o>  293, 304,307. 310.  319. 

Bombay 

18 

55 

72    54 

11,255.259,271,278,406, 
409. 

BorH.  . 

26 

8 

67    56 

287. 

Borobhum 

23 

2 

86    25 

63. 

Brdhmandbdd 

25 

53 

68    49 

452. 

Brdhtnani  R. 

22 

0 

84    55 

162. 

Brahmaputra  R. 

26 

20 

92      0 

45.  332.  427.  431.  439- 

Brahuik  H. 

20 

0 

66    40 

8. 

Broach    . 

• 

21 

43 

73      2 

282,  300,  407,  412,  416. 

Budavdda 

>5 

51 

80    12 

181. 

Bugdoti  R.      . 

25 

5 

82    48 

436. 

Bugti  H. 

29 

0 

69      0 

8,  318. 

Bukkur 

27 

43 

68    56 

452. 

Bulsir    • 

20 

36 

72    59 

409. 

Bundelkhand 

25 

0 

79      0 

24.  5>.  9^.  104,  279,  372, 
375.  382,  436,  49». 

Bundi     . 

25 

27 

75    41 

103. 

Burh^npur      • 

i                       1 

21 

"9 

76    16 

396.  411. 

Burikhel 

i 

3» 

43 

71    48 

III. 

Byangyi 

»                       1 

16 

18 

94    46 

18. 

2  K   2 


\ 
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Latitude.     1    Longitude. 


Cacbar  •        •         .        • 

Calcutta 

Cali^di  • 

Cambay 

Candahar,  seg  Kandahar. 

Cauvery  R.     «         •         . 

^-Cawnpore        .         •         . 
Chakrilj 

Chamba 

Champiner     . 

Chanir  .         , 

Chdndi  . 

Chandernagore 
Changchcngmo  R 
Chdri      , 
ChiSrli     . 

ChAnvAr  H. 

Chebu     . 

Cheduba  I. 

Ghela 

Chenib  R. 

Chengalpat 

Chenpura 

Cherra  Punji 

Cheyarr  R. 
Chhatfsgarh 
Chhdttarkot 
Chhindwiri    , 
Chhota  Udaipur 
Chichali  H..  see  Maidiini. 
Chichdli  pass. 
Chidni  .         . 
ChikiAla 


0 

1 

24 

5<> 

22 

31 

10 

59 

22 

18 

H 

40 

26    28 

22     33 
•   to    43 


92  52 

68  24 

7?  59 

77  50 


80 

85 

77 

22    7j5 

25      7 
19    56 


22  51 

34  15 

23  3+ 
>9  51 
23  10 
25  18 
i8  50 
25  12 

32  15 
12    42 

27  53 
25  17 
>4     15 


>5 
12 


21 

25 

22  3 

22  20 

33  8 

32  33 

19  3 


24 

5> 

54 
10 

r 


Page. 


79 

88 

78 
69 

79 


33«.  . 

4 » 5.  432,441.475. 

234. 

13.30^.408,412. 

3^,  4c.  48,  237,  396,  4«3» 
413,  416. 

427. 

32,  63. 
117- 

137.  461. 
73. 

2^ 


26 

30 

19 
20 


69  40 

81  65 

93  35 

91  41 

73  30 

80  I 

76  10 

91  47 


79 
81 


15 
41 


80    53 


78    59    (92,167. 
74       I       266.  2ii 


H:    165,  265,279,  40». 

4S4 

Uo,34 

218,219. 

158. 

216.  220,  222,  1 

94. 

12,  20.  338. 

330. 
72, 461. 

40. 

69. 

247. 295, 329. 
80. 

91.  150,  i6^  174. 
97. 


266.  278. 


71     25       229,2^6. 
71     50        123. 
79    59       i8^ 
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Latitude. 

Longitude. 

Page. 

Chikkim  H 

0 

32 

r 
22 

0 
78 

1 
2 

294. 

(.hikndyakanhalli    .... 

13 

25 

76 

40 

48. 

Chilkd  L.        .         .         .         •         • 

19 

40 

85 

25 

404. 

Chilpighdt     .... 

22 

10 

81 

7 

64. 

Chimur  .         .         .         •         . 

20 

31 

79 

25 

92. 

(^hindwin  R 

22 

40 

95 

20 

18.  336,  343,  423. 

Chiniot    ...... 

3» 

44 

73 

I 

72. 

Chinna  Tirupati       .... 

16 

57 

81 

19 

180. 

Chirikhin 

1 

22 

22 

75 

II 

249. 

, 

1 

Chitaldnig      ..... 

14 

14 

76 

26 

48. 

Chitarkot        .... 

19 

12 

82 

46 

91. 

Chitor 

24 

52 

74 

4» 

^,  93,  98. 

Chittagong 

22 

21 

91 

53 

6,  12,  335. 

Chittapahdr  H. 

33 

40 

72 

25 

352. 

Cholamo  L.    . 

28 

2 

88 

48 

488. 

Chopra 

24 

27 

79 

28 

96. 

ChorH 

30 

52 

77 

32 

43.  "7. 

Chorar  I.         .         ■         .         . 

23 

52 

n 

14 

2i5»  218,321. 

Chota  Nagpore,  see  Chut  id  Ndgpur. 

Chotiali            .... 

30 

2 

68 

56 

29*.  3^.  418, 

Chunar,  see  Chandr. 

Chuma  I 

24 

54 

66 

38 

312. 

Chutia  Ndgpur         .... 

23 

0 

84. 

0 

5»  32, 63,  154,  375. 

Cocandda 

16 

57 

82 

13 

180,  1S2. 

Cochin 

9 

58 

76 

17 

299.  405. 

1 

Coleroon  R 

II 

0 

79 

20 

232. 

Colgong          ..... 

25 

16 

87 

17 

176. 

Coimbatore     ..... 

II 

0 

76 

0 

38,40,412. 

Comorin,  Cape 

8 

4 

77 

36 

3.  377. 

Cossyah  H.,  5etf  Khnsi  H. 

Cuddalore 

II 

43 

79 

49 

392,  404. 

Cuddapah       

14 

29 

78 

52 

33. 35,  40,  78.  ^6,  375, 

Cumbum         ,         .         .         .         . 

«5 

34 

79 

9 

81. 

Cutch 

23 

20 

69 

30 

152.   188,  207,  215.   2 
2^5.  3»9.  387,  4»6. 

79. 

Cuttack 

20 

29 

S5 

54 

178,378. 

■"««« 
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Cutch,  Runn  of 


Dabrai   • 

Dddu     , 

Dagshii 

Dahihdnda 

Dalhousie 

Daling   . 

Dallipur 

Dalmd  H. 

Daltonganj 

Damin 

Dambal 

IJamdama 

Ddmodar  R. 

Daphld  H. 

Ddrjiling 

Debri      . 

Dehra  Dun 

Delbi      . 

Denodhir  H. 

Denwa  R. 

Deoban  H. 

Deokalli 

Deola     . 

Dera  Bugti 

Dera  Gh^zf  Khiin 

Dera  Ismail  Khdn 

Devala  . 

Dewalmari 

Dhamni 

Dhaneswari  R. 

Dhankua  H.  . 

Dhansiri,57tf  Dhaneswari  R. 


Latitude. 


24   O 


31  8 
28  34 

30  53 

20  53 

32  32 
27  I 

24  27 

22  53 

24  2 

22  25 
15  18 

26  54 

23  40 

27  10 

27  3 

24  32 
30  19 

28  39 

23  27 
22  33 

30  44 

25  2 

22  27 

29  2 

30  3 

31  50 
II  29 

19  x8 

20  16 

26  30 

24  47 


Ix>Dgitnde. 


o         t 


70      O 


Page 


II,  13. 408,  430#  453. 


66 
76 

18 
21 

294. 
72. 

77 

6 

350. 

77 

II 

40T. 

76 
88 

0 
46 

137. 
76. 

79 

13 

28. 

86 
84 

17 

7 

63. 
161. 

72 

53 

407.  409. 

75 

50 

48,  375. 

77 

19 

70. 

85 

20 

149,  152  162,  170, 
174,  176,  177,444 

93 

40 

150. 

88 

19 

42,  45, 76. 468. 

79 

3 

27. 

78 

5 

356.           I 

77 

16 

69.  70,  427,  428. 

69 

23 

279.           , 

78 

15 

167,  173- 

77 

56 

117. 

79 

58 

28. 

74 

36 

249. 

69 

12 

310.319- 

70 

50 

292.                        ^ 

70 

59 

428.                        1 

76 

27 

37. 

80 

2 

92.                         . 

79 

12 

265. 

94 

0 

^                                                         1 

78 

47 

27. 

i 
: : ^ sd 
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Dhdola  Dhdr 
Dhdr      . 
Dhir  Forest 
Dharampur 
Dhararah 
Dhariawad 
DhArw^ 
Dhasan  R. 
Dhaulapini 
Dhawara 
Dhosa 
Dibrugarh 
Dihing  R. 
Dindjpur 
Disang  R. 
Dohad    • 
Doigning  R. 
Dongargaon 
Diis      . 
Dubrtfjpur 
Dudatoli  H. 
Diidkdr 
Dulchipur 
Dunghan  H. 


Edlabad 
Elephant  point 
Ellichpur 
Ellore     .         • 
Enchapalli 
Encharim       • 
Eshwarakupani 


Utitudle. 


32 
23 
23 
30 
25 
24 
15 
24 
24 
25 
213 
27 
27 
25 
27 
22 

26 
20 

34 

24 

30 

17 

24 
29 

22 


15 
36 
20 

51 

15 
I 

26 

10 

15 

13 

'9 
28 

30 

38 

9 

53 
20 

13 
25 
25 

5 

2 

15 
52 

H 


Longitude. 


19  41 

16  28 

21  15 

16  43 

19  2 

18  28 

15  50 


76  30 

75  4 

76  10 

77  8 

86  27 

74  30 

75  5 

78  50 

74  44 

78  41 
69  41 

94  57 
96  30 
88  41 

95  25 
74  19 
93  50 

79  9 

76  45 

87  32 
79  15 
81  37 

79  5 

68  22 

69  5 


78  35 
9^  23 
77  29 
81  9 

79  57 
79  47 
79  40 


Page, 


44,  140.  461, 484- 

248. 

53»  103,  253. 

138. 

59. 
68. 

48, 37S 

94»96. 

70,72, 

27. 

22a 

« 

33^,  427- 

33  V.  463. 

431- 
148. 

267, 

296. 

265, 

348. 
174. 

43- 
269. 

96. 

29a 

324. 


9a 

425. 
265. 

i52»  179.269. 
186,  402. 
92. 

82, 
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latitude. 


Fatehjang 
Ferozpur 
Foul  I.   . 
False  I.  . 


Gaddni   . 
Gddawdrd       • 
Gaira  H. 
GrfjK.    . 
Gundahdri  H. 
Gandak  • 

Ganges  R. 
QdngiSL 
Garhw^l 

GAro  H. 

G  aruda  mangalam 

Gatparbd  R.    . 

Gauhdti 

Gauli 

Gayi      . 

Ghaggar  R.     . 

Ghansura 

Ghdzipur 

Gidhaur 

Gilgit     . 

Girnar    . 

Giumal  . 

Goa 

Godlpard         » 

Goddvari  R.    . 

Gogi 


o 

f 

33 

35 

30 

57 

18 

6 

18 

41 

25  7 

22  55 

23  37 

26  52 

27  6 
30  22 

25  45 

23  45 
30  8 

25  30 
u  5 

16  15 

26  II 

15  34 

24  49 
24  37 
24  59 

23  35 

24  51 
35  55 
21  30 

32  10 

15  30 
26  ji 

17  30 

16  44 


Longita  ic. 


rag-. 


72  38 

74  38 

94  7 

93  50 


66  45 

78  50 

68  40 

67  20 

69  46 
67  12 

84  o 

70  32 
78  -48 

90  15 

73  58 

75  45 

91  48 

74  24 

85  3 
83  10 

85  20 

83  38 

86  14 

74  22 

70  42 

78  14 

73  57 

90  4] 

81  o 

76  49 


420. 
428. 
II. 
21. 


315. 

397.  398r  399- 

321,322. 

304.3<^5.3o6,3«i. 
310. 

318. 

426,  450. 
220. 

43.117,134  23  »,  3  49.  465. 
406«  48, 1. 

296,  323,  332. 

237. 

84,  403. 

427,  440. 

381. 

57.  58. 

99- 

58. 

437. 

57,  59- 

419. 

279. 
229. 

377- 
427. 

33,  89,  91,  151,  162,  iCS, 
179,  184,  264,268,402, 
413.  416. 

88. 


/ 
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Gokdk    . 
Golighit 
Golapilli 
Goona     • 
(iooty 
(vondJcotta 
Gopat  R. 
Gujtfrit 
Gujri 
Gulcheru 
Guntur   • 
Gw^dar  . 
Gwaiiur  . 


HabR. 
Haidardbdd 
Haidardbid 
Hakra  R. 
Hila      . 
Halamin  H. 
Hamadun 
Handii 
Hanle     • 
Harangaon 
Hardi   . 
Harin  Pal 
Haripur 
Hasan  Abdal 
Hatni  R. 
Haveliyan 
Hawshuenshan 
Hazira 
Haziribdgh 
Henzada 


H 


Latitude.     ;     Longitutle . 


16 
26 

17 


10 

43 


24  40 


15 
H 

24 
25 


7 

49 

25 
o 


22  20 
14  18 


16 

25 
26 


18 
o 

13 


24  52 

17  22 

25  23 

28  O 

25  48 

23  20 

30  29 

22  28 

32  47 

22  45 
22  21 
22  2 
34  o 

33  49 

72  12 

34  3 
24  28 

34  9 

23  59 
17  33 


74  53 
94  o 
80  58 
77  20 

77  42 

78  21 
82  15 
72  o 

75  34 
78  48 
80  29 
62  40 
78  12 


79 
77 
77 


25 
o 


66  42 
78  30 
68 
70 

68  27 

69  51 

67  24 
77  2 


4 
2 

8 


74  45 

72  59 

72  45 
74  33 

73  U 
98  46 

73  15 

85  25 

95  32 


rage. 


83,  4«3- 
296. 

179. 

255- 

78,  80. 

81. 

56. 

3«>»375.  3'^7,  407.  414- 
258. 

79. 

78,81. 

316. 

^5>  256,  279.  375. 


306, 309. 
33,261,265,411. 

453. 
450- 
3<2. 

218,  220. 

293. 

53*  398. 
460. 

256. 

54,  398. 

396. 

116. 

138. 
213. 
116. 
18. 

43»  "38.  229,  352, 
3»30*3»>62,  154,  166,177. 

I47»  337*  425- 
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Herdt 

Hindaun 

Hindiib^^h 

Hindu  Kush 

Hingir 

Hinglaj 

Hingoli 

Hiran  R. 

HIwaR. 

Hoshang^bad 

Hothian  Pass 

Hughli  R. 

Hukong 

Hundes 

Hurnai 
H  utar    . 


I 


Indargarh 
Indore    •         • 
Indrawati  R. 
Indus  R. 

Inikurti 

I  n  napdrazpil  ayinn 

Irawadi  R. 
Irlakonda       • 
Iskardo 


Jabalpur 

Jabi 

Jacobibdd 

Jaggayyapet 


Latitude. 


34  20 

t6  44 

30  51 

36  o 

21  57 
25  34 

19  43 

22  12 

19  26 

20  45 

25  45 

22  55 

26  45 

31  20 

30  5 

23  50 


25  44 

22  42 
19  lo 
29  5 

14  21 

17  15 

23  30 
16  2 

35  12 


23  II 

31  54 

28  17 

16  52 


Longitude. 


62  II 

77  5 

67  47 

71  o 

83  46 

65  47 

77  " 

74  10 

94  12 

77  46 

67  57 

82  26 

96  30 

80  o 

68  o 

83  53 


76  14 

75  54 

81  o 

70  30 

79  46 

82  28 
96  o 
78  41 
75  35 


79  59 

72  10 

68  29 

80  9 


Page. 


140. 
67,  71. 

143- 

7,  41,  140. 

168. 

3^5. 
402. 

266. 
144, 366. 

>03>  I59»  258,  275. 

3t»3- 

444. 

423- 

75,  294,  348,  422,464.  477, 


485. 

290>3'>5>3>7 
161. 


93>  103- 

3- 
91. 

44»  305*  345.  4"9»  428, 449. 
460. 

34. 
180. 

302,  324,  336»  378,  423- 

82. 

140. 


5S  187,  262,  264,  372,  396, 
398. 

123. 

457. 
78. 
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Jaintia  H. 

Jaipur    . 

Jaisalmer 

Jakhmari 

Jdlna 

Jamalamadugu 

Jimbughora 

Jamfrd  Pit 

Jamkhandi 

Jammu 

Japvo     . 

Jarra 

Jashpur 

Jaunsar 

Jehlam 

Jemick 

Jessor 

Jhalra  Pitan 

Jhand 

Jhdnsi 

Jharid     • 

Jhilmilli 

Jind 

Jobat 

Jodhpur 

Jowai 

Jumna  R. 

Jura  H. 

Jutogh   . 


Kabaung  R.    . 
Kibul     . 
Kach 
Kachao  H 


K 


r^titude. 


O  I 

25  30 

18  55 
26  55 
26  9 

19  so 

14  51 

22  19 

23  5 
16  30 

32  44 

25  36 

23  41 

22  53 

30  43 

32  35 
25  3 

23  10 

24  32 

33  26 

25  27 
23  44 
23  24 

29  19 

22  27 

26  17 
25  26 

29  15 

23  23 

31  6 


18  52 

34  30 

30  26 

25  8 


Longitude. 


Page. 


O  / 

92  15 

82  38 

70  57 

67  56 

75  56 

78  26 

73  47 

83  45 

75  22 

74  54 
94  6 

69  5 

84  12 

77  54 

73  47 

68  18 

89  15 

76  12 

72  5 

78  37 
86  29 

83  55 

76  23 

74  35 

73  4 
92  16 

77  10 

69  36 
77  10 


96  18 

69  18 

67  19 

94  46 


296,  334. 

4.  375- 

227,  308,  455. 

287,  289. 
19,  402. 
85. 
73- 

255»  374. 
82. 

350.  354,  357,  467- 

335. 
218. 

375. 
44,  117. 
140,  419,  466. 

303,  306,  309,  312,  315. 

434- 

93, 94,  98,  102. 

419. 

27. 
165. 

157. 
72. 

40,  51,  54. 

74,  106,  430,  455. 

296. 

436,  446,  450- 
218,  220. 

134. 


342. 
7»  419- 

293- 
148. 
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Lttitude. 

Lopgituile. 

Page. 

Kachaoda 

o 
22      29 

0         / 

75    n 

253. 

Kdfiristdn 

• 

35    30 

71      0 

41. 

Kigdn    • 

• 

34    40 

73    33 

138. 

Kdimur  H.      . 

t 

24    30 

81    45 

3. 

Kakindiya 

1         • 

23    47 

70    26 

220. 

Kdlabdgh 

•         « 

32    58 

71     36 

228,  326. 

Kalddgi 

• 

16    12 

75    32 

50.  82,  265. 

Kdldhandi 

• 

20      0 

83    20 

375. 

KAlapiim  R.    . 

» 

25    24 

91    48 

61. 

Kalidna 

• 

28      I 

76      6 

72,  159. 

• 

Kallani   • 

• 

77      I 

17    52 

374. 

Kilka     . 

• 

30    50 

76    59 

351. 

KiluR. 

> 

25    35 

90      0 

332. 

Kalydn   . 

• 

19    14 

73     10 

271,  278. 

Ka-ma    . 

1 

19      0 

95    " 

339. 

Kamamet        • 

r           -X       ■                                   * 

» 

17     16 

80     II 

33.  150. 

C     ^  1 

Kamatki  ghit 

a 

18      I 

74      5 

259. 

Kimthf  . 

» 

21     13 

79     14 

168. 

Kdnara  . 

1 

12    52 

74    53 

48. 

Kandahar 

• 

31     37 

65    30 

293. 

Kdngra 

• 

31     20 

33      0 

357,  484. 

Kanhdn  R. 

•                      < 

21     30 

79      0 

167,  168. 

Kanhar  R. 

1                      1 

24    20 

83    15 

56. 

Kanni     .         , 

»                      * 

22    27 

94    53 

18. 

Kentkot 

»                      * 

23    27 

70    28 

222. 

Kapiii  R. 

>                      • 

25    3^ 

92    40 

296  ,331. 

Kappatgod 

» 

15    36 

75    54 

375. 

Kipra    . 

18    30 

79    48 

92. 

Kardchi  •         • 

>                       < 

24    51 

67      4 

311,314,315. 

Karakoram  range    . 

4 

35    29 

77      6 

140,  229,  460,  461. 

Karali  H. 

1                             < 

22     12 

73    53 

278. 

Karanpura 

1                            • 

23    57 

85      5 

166,  177. 

Karauli  • 

>                            « 

26    30 

77      4 

94.  103. 

Karchat          • 

« 

25    45 

67    46 

306,  312. 

Karen-ni 

»                           • 

19    30 

97      0 

142. 

Kargil    • 

< 

34    34 

76      6 

34^. 

GFOGRAPHICAL   JNDF.X. 


S»< 


Utttude. 

Longitude. 

Page. 

Karharbdrf 

0 

H 

10 

0 

86 

20 

160,  164. 

Karnul   . 

•         « 

t 

15 

50 

76 

S 

35.  40, 86,  89,  395. 

Karo  R. 

•         • 

1 

22 

12 

74 

10 

266. 

Kartse    • 

t         •         • 

1 

34 

16 

76 

0 

132. 

Karwf     . 

• 

•                      a 

25 

12 

80 

57 

94.97* 

Kasakanahal  . 

•         t 

• 

i6 

31 

76 

39 

88. 

Kasauli  . 

»         .         . 

1                      < 

3P 

53 

77 

I 

350. 

Kashmfr 

4 

34 

6 

74 

51 

41,44,  116,  134,420. 

Kashmor 

>                      a 

2| 

26 

69 

36 

J 5.  345.  428. 

Kasom  1-1. 

>                     a 

25 

0 

94 

43 

334. 

Kdteru    • 

)                       a 

17 

3 

81 

48 

268*  270. 

Kdthidwdr 

1                      • 

22 

20 

70 

55 

189,253,259,279.323,^5, 
4u8,  409,  412,  416,  454. 

Kdtikela 

»                      1 

21 

47 

84 

9 

33. 

Katrol    . 

>                       < 

23 

12 

69 

50 

221. 

Katta      . 

t 

32 

31 

72 

30 

122. 

Kau-ran-gyi    . 

>                       < 

16 

31 

93 

48 

340. 

Kavhad 

t                      t 

32 

27 

72 

II 

III. 

Kawant  . 

1 

22 

6 

74 

5 

253. 

Kayal     . 

1 

8 

38 

78 

10 

13. 

Keantali 

»                       t 

18 

0 

94 

34 

297.  338. 

Ken  R.  . 

•         t 

• 

24 

22 

79 

20 

52,  59.  94.  9/. 

Khdibar  Pass 

34 

5 

71 

8 

141. 

KhaiiemiSrui  H.             x 

• 

33 

28 

72 

50 

353. 

Khairgaon 

• 

19 

49 

79 

15 

158. 

Khairpur 

• 

28 

3 

69 

44 

451. 

Khalsi     • 

• 

34 

20 

96 

52 

345.  347. 

Khandesh 

• 

20 

54 

74 

46 

261,  278,  396,  398. 

Khdnpur 

• 

33 

49 

72 

55 

116,  139. 

Kharakpur 

• 

25 

7 

86 

35 

59.  375. 

Kharir  I. 

• 

23 

52 

70 

22 

218,  220,321. 

Khdsi  H. 

» 

25 

34 

91 

55 

60,150,246,296,329,332. 

Khattan 

t 

29 

34 

68 

29 

291.  293,  304,  307.  , 

Khelat    . 

•        -• 

• 

28 

53 

66 

28 

143.  29»* 

Kherly  . 

f 

27 

12 

77 

5 

69. 

Kheura  • 

• 

•                      • 

32 

39 

73 

3 

no. 
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Latitude. 

Longitude. 

Page. 

• 

o        / 

0        ; 

isor  H 

32     20 

71     10 

109. 

mind  . 

22      49 

^9     37 

434. 

hundghat 

32      25 

72      16 

122. 

»hwija  Amrin  H. 

30    39 

66    30 

142,  243. 

,thyber,  see  Khaibar. 

iCitn  R.  •         • 

21     25 

72    40 

300- 

Kira  H. 

23    37 

69    17 

218,  219. 

Kirdna  H. 

31     57 

72    44 

72. 

Kirta       . 

29    32 

67    32 

293- 

Kirthar  H.      . 

27      0 

67     12 

8,305.308,3". 

3J 

Kishengangd  1 

^.      . 

3+    45 

74      0 

138. 

Kistna  R. 

16    30 

79    20 

33, 40, 82, 402, . 

41; 

Koari  Bet 

23    58 

69    47 

218. 

Kohat     . 

33    36 

71     29 

325- 

Kohima 

25    40 

94      9 

148. 

Kotlath  . 

27    50 

73    3J 

308. 

Koil  Kuntla 

15     H 

78    23 

86. 

Kolamnala 

16      0 

79    52 

82. 

Koldr      . 

13      8 

78     10 

48. 

Kopilas  H. 

20    41 

85    50 

375. 376. 

4 

f 

K(»rba     . 

22    20 

82    4^ 

165. 

f 

Kori  R.  . 

23    45 

68    40 

452,453.      ; 

i 

Korkai    . 

II      2 

79    49 

13.                              ^ 

Kosi  R.  . 

29    30 

79     II 

469.                         / 

Kota 

18    55 

80      2 

184. 

Kotasir  . 

23    41 

68    35 

453. 

Kotri      . 

25    22 

68    22 

253^  306,  31^ 

Krol  H. 

30    57 

76     10 

133. 13  V. 

Kubo      . 

24    15 

9V    30 

9. 423- 

Kuch  Behar    . 

26    20 

89    29 

332. 

Kuchri    . 

27      4 

70    37 

228. 

Kuling    . 

32      3 

78      9 

130. 

Kulu       . 

31     58 

77      7 

117. 

Kumiun 

29    35 

79    41 

43.  "7» 
480. 

Kundair  R.     . 

14    50 

78    40 

78, 84. 

GEOGRAPHICAL    INDEX. 
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Latitadc. 

Longitude. 

Page. 

» 

0           1 

0       / 

Kuram  R 

33    37 

70    34 

328. 

Kyaukpu         

19    25 

93    41 

20. 

L 

f^ccadive  I.    . 

12        0 

77      0 

12. 

Ladakh  . 

34    10 

77    40 

44,  460,  461. 

Lddera   • 

26      3 

78    24 

105. 

Lahore   • 

31    34 

74    21 

428. 

Lairangao 

25    20 

91    47 

330. 

I^isophlang    . 

25    13 

91    46 

246. 

Ukhi  H. 

26      0 

67    50 

286,303,305,317. 

Lakhpat 

23    SO 

68    49 

321.322. 

Lameti  ghat  . 

23      6 

79    53 

262. 

Ldrkhina 

27    33 

68    15 

452. 

Uh 

34    10 

77    40 

44,345- 

Lenya  R. 

II    30 

99      0 

297. 

Lhasa     • 

29    41 

91      6 

295»477- 

Lilang    • 

32      9 

78    17 

130. 

Lintzithang     . 

34    50 

79    15 

294. 

Lodai     • 

23    24 

^    57 

218. 

Lokapur 

16    10 

75    26 

84. 

Lokhzung  H.. 

35     10 

79    40 

294. 

Lonir     . 

19    59 

76    33 

19. 

Long  Island 

16    15 

94    40 

337. 

Luckeeserai 

25     11 

86      9 

59. 

Lucknow 

26    53 

80    58 

432,  47<5. 

Ludhidna 

30    55 

75    53 

438. 

Ldni  R.  • 

26    35 

72    35 

430, 457. 

Luni  Pathin  I 

I. 

30    10 

69    40 

305. 

Lus 

25    20 

66    45 

22. 

Lynyan  . 

25    39 

68     12 

303. 

M 

Mach      ...... 

29    22 

67    23 

304. 

Madanpur      •         .         .         .         . 

24    15 

78    46 

29. 

Maderapaucum       .... 

13    27 

80      4 

389. 

Madhupur      •         .         .         .         . 

*■ ■ rr 

24    34 

90      0 

441. 

i 


aVv»>at  \^^ 


M«-t   ;  u    . 

Ma****** 

Ma\*«*  • 
Ma\*ve  I- 

Ma\^^?*'    n 
Ma\P»**  ^ 

lawA 


Ma«cY^^»*  ^ 
NlandaW 

Man 


GEOGRAPHICAL  INDEX. 


5'5 


• 

Utitiuk. 

Longitude. 

O          1 

0        1 

Manga  Pir  see  Pit  Mang^o. 

* 

Mingli   . 

20      22 

79      4 

169. 

Manimalai 

IX    36 

76.  II 

37. 

Manipur 

24      48 

93    59 

9,    147,   297.    334,  335. 
423.  494. 

Mansurah 

25    53 

68    49 

452. 

Macibehiarkdr 

25    24 

91     48 

295- 

Maosmai 

25    15 

91     47 

246. 

Mdrai     • 

24      7 

81     16 

56. 

Maraura 

1 

24    23 

78    52 

26. 

Maravatur 

'         * 

11     13 

79      0 

236- 

Marl  H. 

•         • 

29    20 

68    50 

291.  3<J4»  307.  318. 

Markha  R.     • 

33    55 

77    20 

346.  347. 

Marut     • 

27      6 

75      8 

70 

Marpanmadi 

II     31 

76    28 

37 

Martaban 

16    32 

97    38 

142,  378.  425. 

Mashalak  H. 

30    20 

66    50 

417. 

Maski     • 

* 

«5    57 

76    43 

48. 

Masulipatam  . 

16      9 

81     12 

^50. 

Mdtdbhdngd  R. 

23    40 

88    45 

440. 

Matapenai  H. 

22    12 

7Z    53 

278. 

Mathar  •         • 

33    33 

67    50 

325* 

Mitherdn- 

18    59 

73    18 

271.  374   387- 

Ma*tun  • 

19     12 

95      0 

337. 

Maul  main 

16    30 

97    38 

142. 

Mauphk)ng     . 

25    27 

91    48 

61,  295. 

Meenit  • 

29      I 

77    45 

427. 

Meghnd  R.     . 

23    45 

91      0 

441. 

Makalgandi  gliat 

19    35 

78    48 

267,  276. 

Memkal 

.        -. 

15      I 

77      0 

50 

Mergui    . 

12     II 

98    38 

141. 

Midnapur 

22    25 

87    21 

374.  39A  415 

Milam    . 

30    26 

80     13 

129,  13a 

Minbu    . 

20    13 

94    57 

20. 

MineMoung    . 

19    10 

95    35 

339. 

Min-gyi . 

18      8 

95    30 

425. 

2h 


>\oVvar   . 

Mlotan 

^4\tan  • 


CaV** 


SU 


Vltttia* 


PirViaf 
■   rlagat^* 
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— 

LallCudc. 

Longitude 

Page. 

Ndgari  Nose .          «         .         .         . 

e 
13 

1 
23 

0           f 

79    39 

78,  80. 

Nagode • 

t                 < 

• 

24 

34 

80    33 

lOI. 

Nagpur .        • 

* 

»                      • 

21 

9 

79      7 

• 

33»  15^  168,  262,  264,  268, 
280,374,402,413. 

N^han   . 

k 

■                     • 

30 

32 

77    21 

356, 358.  466* 

Naira  R. 

»                    1 

30 

39 

77    45 

133. 

Nal  Lak« 

» 

•                     • 

22 

48 

72      5 

408^454. 

Nallamalai  H. 

• 

•                     • 

15 

0 

79      0 

4.  81,  493. 

Nambar  R.     , 

1                     1 

•                     • 

26 

17 

93    50 

296. 

Nimd^ng  R.  . 

» 

I                     • 

27 

16 

95    45 

331. 

Nancowry 

1                    < 

t                    • 

8 

0 

92    34 

344- 

Nandgaon 

« 

• 

19 

50 

79     12 

157. 

Nandiil . 

t                    < 

1                     • 

15 

29 

78    32 

86. 

Nandiilampett 

t 

• 

14 

43 

78    52 

8t. 

Naoshera 

• 

• 

33 

10 

74     18 

467. 

Naosir  • 

« 

• 

25 

46 

71     52 

227. 

Ndrakal 

4 

• 

• 

10 

2 

>6    17 

405' 

Nar^oli  .         . 

•                    1 

26 

20 

76    41 

103, 

NarbadiR.    . 

i 

• 

22 

30 

77     10 

9,  248,  249  396,  431,  495, 

Narcondam  I, 

1                    1 

12 

36 

94    15 

17. 

Narha    . 

1 

1                     • 

23 

39 

69    10 

189,  222. 

Nan  R. 

»                    1 

t                     • 

26 

40 

67    20 

308. 

Narji 

>                     1 

1                     i 

«4 

39 

78    35 

86. 

Narra  R.         • 

•                    t 

t                    • 

26 

25 

69      0 

451.  452 

Narsinghpur  • 

>                    1 

»                     • 

22 

57 

79    14 

5.  54,  398- 

Narwar  . 

»                     1 

1                     • 

25 

38 

77    58 

lO.v 

Naushahra      • 

•                     1 

>                    • 

32 

34 

72     13 

228. 

Neilgherry  M„  seel 

Nflgiri 

• 

NcIIore  . 

« 

• 

14 

27 

80      I 

33.  4o»  5^  78,  373.  4i6. 

Nepil     . 

1                     < 

i                    • 

27 

42 

85    12 

75  421,438. 

Nga-pu-tau     • 

( 

1                    • 

16 

30 

94    46 

424. 

Nga-tha-mu   « 

% 

• 

16 

30 

93    49 

3;o- 

Nicobar,  I. 

t                     1 

1                     • 

8 

0 

93    35 

12,  343' 

Nilang  •         • 

•                    < 

1                     • 

3« 

6 

79      4 

• 

Nflgiri    . 

)                     1 

1                     • 

II 

25 

76    45 

4»I4.  37.40,375.409,  415- 

Nfmach 

• 

• 

24 

28 

74    54 

70,  103. 

-:  L  J 
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I'&W. 


Pangong  L. 
Paniam 
Panna 
Pan-ta-naw 
Panwari 
P<Cpaghni>  R. 
Pdr 

Pira  R. 
rdrasnibh 
Parihar  H. 
Patcham,  J. 
Patkoi,  H. 
Patn&      . 
Patthargatta 
Pivulur 
Pawagarh 
Pegu      . 
Pel^nf  R. 
PengangiC  R« 
Penner  R.,  North 
,9         South 
Perambalar 
Perim,  I. 
Peshftwar 
Phonda  ghkt 
Phuleli  R. 
Pichor 
Pid 

Piram  I.  see  Perim 
Pir  Mangho 
Pfr  Panjil 
Pisdura 
Pish  in     . 
Places  garden 
Pokaran 
Pondicherri 


I 


33  45 

»5  3» 

24  43 
«6  55 
as  36 
14  ao 
ad  3 

3»  35 

23  58 

a;  XI 

23  5« 

as  40 

30  4a 

n  41 

15  51 

aa  31 

17  ao 

ag  10 

19  45 
14  40 

12  ao 

II  14 

21  :\6 

71  37 

16  ao 

25  30 

25  57 

32  41 

24  59 

33  40 

20  21 

30  37 

13  2 

26  55 
II  5<5 


Page. 


78  45 

78  25 

80  14 

95  28 

79  32 
78  30 
78  6 
78  la 

86  10 

70  42 
69  50 

94  o 

83  la 

87  52 
8j  14 

73  36 

96  30 
78  49 
78  30 

77  20 

78  ao 

78  54 

72  23 
34  2 

73  56 
68  a9 

78  a7 

73  2 

6/  4 

74  40 

79  o 
67  5 
79  53 

71  58 
79  53 


486. 

86. 

97.  loi.  107. 

426. 

97   102. 

79> 

65,  105, 
130. 

14- 

215.218,  220,321. 

8»335. 

375' 

4a8. 

181. 

73.259- 

145.  336.  378,  413-  424. 

480- 

158,  160.213,402. 

48,78,80,403,413. 

232.413- 
236. 

302,  323- 
418. 

82. 

453- 

105. 
121. 

312. 

43»44.  46J.462 

265. 

142,  318. 

182. 

106,  160, 455. 

10.  18,  231,  235.  239,    24T, 
403,  4U. 


20 


GEOLOGY   OF    INDIA. 


Poona  . 
Porebandar 
Port  Caniiing^ 
Porto  Novo 
Potwdr 
Prdnhita  R. 
Prome 
PudukattiCi 
Pugha 
Pulivendala 
Pulkoa 
Pull  am  pet 
Pulney  H„  see 
Puppa  H. 
Puran  R, 
Punch  R. 
Pungadi 
Puriam  Point 
Ptn-na  R, 


Palnf. 


Quetta 
Quilon 


Ragavapuram 
Raialo    .        « 
Raidak  R. 
Raichur  Dolb 
Rdipur 
Rdjigriha  H. 
Rajah's  choultry 
Rdjdmahendri 


1  atitadc. 


Longitude, 


18  31 

21  37 

22  19 

XI  29 

33  o 

19  30 

18  43 

10  23 

33  13 

14  25 

n  35 

U  15 

20  57 

24  40 

33  35 

15  »9 

21  o 


30    12 


8    53 


17  2 

27  6 

26  43 

16  o 
21  15 
25  o 

15  52 

17  o 


73  55 

69  48 

88  43 

79  48 

72  o 

80  o 

95  15 

78  52 

78  20 

78  17 

79  53 
79  5 

95  10 

69  15 

73  47 

81  41 

93  58 

76  25 


Page 


67        4 

1^    37 


81  23 

76  17 

89  50 

78  o 

81  41 

85  30 

79  50 
81  48 


259.  271,  278. 

395- 

434* 
404. 

I4t  418,  484. 
90,  184,  279, 

339.  340. 
40. 

346- 
80. 

96. 

81. 

17. 
452. 

351,467- 
269. 

337»  425. 
396.  401,  449- 


142,  290,  305.   307.  318, 
417. 

299»394. 


x8o. 
69. 

45- 
36,  86, 

64. 

58,  60. 

244. 

t79»  263,  268,  279,  391, 
401. 
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Latitude. 

V 

Longitude. 

Pj»ge. 

s 

o 

1 
1 

0 

1 

. 

Sabzal-kot       .... 

29 

9 

70 

2 

432,  435. 

Sadiyd   ...... 

27 

50 

95 

42 

427.  459. 

Sadri      ...... 

n 

23 

74 

46 

70. 

Safed  K«  h 

34 

0 

70 

0 

7,41,  140,229. 

Sagar 

23 

50 

78 

49 

93.383 

Sahdranpur 

29 

58 

77 

35 

427.437. 

Sahyddri  H.,  see  Western  Chits. 

St.  1  hoin6       .         .         .         .         . 

>3 

2 

80 

19 

12. 

Sainthoray      «         .         .          .          • 

II 

15 

79 

«3 

240. 

Salem •     . 

II 

39 

78 

12 

25   38,  412. 

Sdletckri 

21 

47 

80 

52 

64. 

Salsette 

19 

10 

72 

57 

259»  271. 
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VirAwah 

Viniddhdchalam 

Virgal    • 
Vizagapatam 


w 


Wadhwdn 
Wigad 
Wigalkhor 
Waindd , 
Waingang4  R 
Wajhiri  H. 
Wajra  I^rur 
Wandan  R. 
Warangal 
Wardhi  R. 
Warkalli 
Warori 
Wer 
Western  ghats 


Yedakalmolai  H. 
Yeddihali 
Yellakonda  H. 
Yellamala  H. 
Yenangycung 


Latitiide. 


15 
28 


27 
19 


15  41 

14  21 

15  54 

13  57 

18  15 

33  31 

23  o 

24  30 
u  3« 

32  27 

17  42 


22  42 

23  35 
21  45 
II  50 
20  30 

15  52 


4 
o 


17  58 

20.  30 

8  44 

20  14 


I 
o 


II  37 

16  32 

15  o 

14  45 

20  25 


Longitnde. 


8<J  13 

78  30 

73  30 

79  37 

80  3 

69  8 

78  o 

70  48 

79  24 

72  07 

83  20 


71     44 
70    40 

73     16 


76 
80 


3 
o 


73  46 

77  27 
70  o 

79  40 

78  30 

76  46 

79  2 

77  14 
73  30 


76  18 

76  36 

79  10 

78  20 

94  56 


Pa^c. 


181. 

79- 

83*  279. 

33- 
92. 

223. 

3»92. 

454. 

231,  232,    233,  255,  240, 
241., 

122. 
34»403. 


254- 
215,220,222,224,319. 

301. 

37*  40. 
184,  402. 

36. 
40, 107. 

450- 
150. 

90,  92,  169,  186. 

299*  394. 
265. 

70. 

3*4.10.257,279,415,494. 


37. 
88. 

4,78. 
86. 

17- 


528 


GEOLOGY   OF    INDIA. 


Zami  k. 
Zanskar 
Zhob      . 


Page. 


142. 

421,  152,  347.4^,477- 
142. 


INDEX  OF  SUBJECTS. 


fAGK 


99 
»$ 
M 


Abur  group  .  •  •  226, 228 
Africa,  cretaceous  •  .  247, 252 
Gondwdna  reptiles  in  —  •  195 
Karoo  series  .  .  .  20 1 
land  connection  with  India     209, 

253»  493 
„        Uitenhage  series      .         .182,205 

African  affinities  of  Billa  Surgam 

cave  animals         •         •         •  ^    395 

Agate         .         .        .         .        176, 260 

Agra  boring  .  •  43^.  435»  47^ 
Albaka  division  ...        89 

Aleppi,  smooth  water  anchorage  .  405 
Almod  ^roup  •  •  •  iS^fi'^o 
Alum  shales  .  .  .  303, 352 
Alwar  quartzites  •         •         .        69 

„      t  relation  to  Ardvalli  system        68 
American    fossils   in   upper    Pro- 

ductus  limestone       •         •         .125 
Amethystine  quaitz     .  .      260 

Ammonite  zones  in   Cutch  Jura- 

ssic  .....       325 

Ammonitidog,    pcrmian,    in    Salt- 
Range     .         •        .    ,    •        i?3,  X27 
Amygdules  .         .         176, 257, 289 

Analcime  .  .  •  .  .176 
Anamesite  .         *         •        I75>  357 

Anchofagesf  smooth  water  •  •  405 
Anditgu  Kyauk  ....  337 
Andaman     Islands,    evidence    of 

changes  of  level        •         .         .         12 

Anhydrite,  inclusions  in  quartz      •       112 

„  Salt  range  .         .       112 

„  origin  of—         •         ,       112 

Apatite 30 

Apophyllite  .         .         •       260,  261 

Arabian  cretaceous  deposits  .      252 


»f 


M 


*l 


>f 


PAGE 

Ardvalli  Range,  antiquity  of —        6,  71, 

104,  106,  491 
former  extension 

of—         .         .      483 

relation  to  upper 

Vindhyans       .        103 

Afdvalli  system  .         ,      40, 67, 74 

„        relation  to  Delhi  system        70 

Archipelago  series        •         •         «      344 

Arenaceous  group        .         .        320, 322 

Argillaceous  irruup       .         .        320, 322 

AriyaliSr  group  .     233,  236,  339,  244,  250 

fossils  in  Assam      •         .247 

„      „    Africa       •         .      249 

gneiss  pebles  in —   .        336,  239 

relation   to   Utatur    and 

Trichinopoli  groups     •     235* 

238,  241 
Arkose  in  Alwar  group 

resemblance  gneiss 


9t 


ff 


70 

24,  50,  53» 

59.  71.  134 

•      435 
404 


Artesian  wells,  Luckrow 

n  Pondicherri   . 

Assam  range,  comparative  absence 

of  disturbance        .        44 

an;4logy  to  Salt  range        8 

a  detached  fragment  of 

the  Peninsula    44, 60,  439 

Athgarh  group   .  .        156,178 

220,  231,  226 
116 


If 


30 
83 


AthUta  beds 

Attock  slates 

Aiigite 

Auk  shales 

Australia,  carboniferous  fossils  in 

India       .  131,  132,  135 

coal  measures       •         •       198 
^     relationship  of  flora 

to  Gondwdna  flora      200 
cretaceous  ammonite  in 
Cutch     .         •         .       286 
Axial  group        .         •         •         .144 


GEOl>OGV 


paoe 


114.  »•; 

jc\aWon  w  je*.  »7S'  ^ 

s:;Ho'.-cer^:u -^^  30 

**'BUe\VV,af    ,^        .  34 

p„y..&dag'«       ^        .         437,446.*«>9 

BHc-k*"       -^  Kh^"^'' ti  A3*.  AM 

"    .        •        *        5* 

s*-^r'   •  •     ^' 

B-iori  g'*'*'^^  caves     •        *        .3° 
^B^f«*«''^\        •  ,,,.\33.^*3.U^ 

B\atw  J?*"*^  age  oi  tV*        '^        .      «6o 

i 


,         .  134.  '•' 

Blown  sand  .^es        .  ,59 

BoiUeauganiH  „3p       •         ^      ,72 

Bo\e.  •»«  *.'  .^taPpea**       '  n,  V'l 

"      D>»ir**^     .tern     • 
••  Jal5o  g\a'?^i         .45.*3''*'' 

Bens'***!**  a'      ^^'^P 
"•    Mataorarep°« 

"         sttrfa«* 


$9 
ft 


»» 


^     Irian  <°*'^''     «  on  MPg^"* 

beds    i**^-** 

P-i^^^STe^, 
bou\det  bedt 

Mrica 
AttSt«**  ■ 

period.  cV> 
Unda«d.e*»^^' 


f« 


»» 


SUBJECT    INDEX. 


53  « 


PAGE 


Cardita  heauntounti  beds,  Salt  range  532 

»>  *f  Sind 

Cassiterite 
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242,  244 

Cutch  Jurassic    195,  224,  225,  229 

Kota  Mal^ri  group  ,       196 

„      Siwdlik  ...       361 

„       Umia  group     .         .        195, 224 

Paleozoic  and  mesozoic,   absence 

of  break  between  .  .  .119 
Palghit    group    possibly    an    old 

river  valley    ....      495 
Panchet  group     .         .         .        166,170 
age        .         20i»  204,  207,  208 
alliances  of  flora    193,  194,  200. 

204 
fossil  in  Kota- Mal^ri  group  189 
undecomposed  fejspar  in     170, 

207 
Pdniam  group  ...  .86 
Panjil       conglomerate,       glacial 

origin  of  .         .         135,  136 

It  f,       gneissosc      granite 

blocks  in  •  •  44 
Fanjil  system  ,  .  .116,  134 
Papsghni  group  ....  79 
Pir  sandstone  ...  .65 
Pdra  limestone  ....  130 
Paradoxides   beds,  represented   in 

Salt  Range  .  .  .  .113 
Parihar  sandstones  .  .  •  227 
Patcham  group  217,  218,  221,  226 

Patthargatta,  supposed  older  allu- 
vium at        ...         .      428 
Pi vulur  group     .         .         ,        156,181 
Peat         .  10, 404,  415, 421,  434 

Pebbles,  deformation  of  ,   49,  54,  59 

Pegmatite  .         .        27, 31, 58,  107 

Pegugn.up         .        .        .336,338,340 
Pellety  laterite  .         .         .        384 

Pengangi  beds  •         •         •         90 

„  valley,  glacial  action  in     158, 
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Peninsular  area. — 
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Perim      Island,     upper      tertiary 

fauna  .  .  .  323>34«.  429 
Permian  glacial  period  •  •  207 
relationship  of  Bijori 
fauna  ....  195 
G(  ndwana  floras  •  •  192 
Permo-carboniferous,  Salt  range  121,  125 
Petroleum        .  292,331,336,338, 

3+3 
„  in  mud  volcanoes 

Phlogopite  •         • 

Pikermi  fauna     •         .         • 
Pinnacled  quartzitcs 
Pistacilc      .... 
Plain  of  marine  denudation 

east  coast 

west  coast 
Plant  fossils,  uncertainty  of  relation 

ships  in]    . 
Plat  ant  si  a  .  •  • 

Plateau  quartzitcs 
Pokaran,  glacial  beds  and  roches 

moutounees  . 
Poonahlite  .         • 

Porcellanic  beds  (hornstone) 
Porebandar  stone 
PotwcLr,  erratics 
Pulivendala  subdivision 
Pulkoa  schists 
Pullampet  slates 
Pumice,  of  Puppa 
Puppa,  extinct  volcano  of 
Puma  alluvia]  plains 
Purple  sandstone 
Prehnite 
Productus  limestone  scries    119,  123,  136. 

206 
„        reported    occurrence  in 

Sulaim^n  hills  .         .       141 
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Rdjmahdl  group  .      175 

age  203, 207 

flora  177,  1H3,  188 

„     relation    to    Euro* 

pean  floras         192,  191, 
Rdjmahdl  series  49,  155,  174 

connection  in  Uitenhage 

series  182, 205 

outliers  on  east  coast    152,  178, 

232 
Rdjmahdl  trap  75»4i2 

,,         correlation    with  Sylhet 

traps  61,  150,  176 

dykes  in  Damuda  series  31,  177 

foci  of  eruption      .         .       1 76 

connectbn    in     Deccan 

trap  176,279 

Ramri,  mud  volcanoes  of       •         .20 

Rintganj  group    .         .  162,  166,  167 

age       •         •         •         •197 

coal      •         .         •        161,  166 

flora     •         •         •        •      163 

Rinfkot  group     .         .         •         *      283 

„      fossils  in  Himalayas  and 

Salt  range  .         .         .354 

„      relation  to  Kirthar  303,  306,  307 
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Hesin  fossil           • 
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Rew^  group 

n  0,  102,  107 

Rhaetic,  Afghanistan    .         .         .       197 
„      central  Him  Ala)  ds  .       131 

„      relationships     of      Gond- 

wdna  floras  1 93,  913 

Rilly   la  Montaigne,    fossils    com- 
pared at  Deccan  trap         •         .281 
Ripple  marks       70»  96,  xoo,  113,  123,  150 
Roches    moutonnees,    ancient,     at 

Pokaran        .         .         .         .       160 
Rohtds  group       .         95,  96,  97,  q8,   103 

Ruby  ....         45.  >o7 

Rutile  •         .         .         •         .        30 
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Salses  or  mud  volcanoes        .         •        17 

Salt,  Kohat  •         .         •         .       326 

„    Runn  of  Cutch     •         .         •      454 

„    Salt  Range  •         .         .109 

Salt  lake,  Calcutta        .         •         .      44 1 

„  Umarkot,  marine  shell  in      430 

Salt  marl,     •         •  •     IC9, 326 

„       hypogene  origin  of  .         .      1 1 1' 

Salt  pseudornorph  group  109,  1 14 

Salt  pseudomorphs,  in  dolomite  of 

Salt  marl         ...  no 

Salt    range,     analogy    to   Assam 

range   •         •         .         .         .  8 

„  carboniferous  glacial  period  120,  206 

„  Australian  fossils  in  121,  493 

Salt  wells^  Gangetic  alluvium        429,  448 

„         Pachpadra  .         .      430 

„         Puma  allu\dum     .         .401 

Sand  hills  .         .         .       415, 455 

Sandstone,  flexible  in  Alwar  group        72 

„  Talchir  group    ,       158 

Sapphire,  supposed   occurrence  in 

pegmatite  .  .  .  .107 
Saraswatf  river,  changes  of  .  .  450 
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Scapolite      •         •         •         •         •        32 

Schorl 27,  30 
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Afghanisfdn  143,  292 

Arakan  Yoma     145,  146 

Manipur      .  147 

Shillong  quartzites         .  .  45,  60,  295 

Shrishalam  quartzites   ...         82 

Silicified  wood,  Bl.iiui  .  .         88 

Cretaceous,   South 

India  .  .       235 

Cuddalore     .         •      393 

Goddvari   alluvium       402 

„  upper  tertiary         341, 346 

Silurian,  newer  rocks  coloured  as, 

in  Himalayas     .  .116 

probable  presence  in  Ten- 

asserim  •  .     142 

supposed     occurrence     in 

Khai  bar  Pass         .  .       141 

sea,  extent  of   .         .         .      492 
Silver  ....  45»  ^3 

Simla  slates         .         .  115,  117,  132 

Singhe  Id,  nummiilitic  outlier       .       317 

Sirmur  series  .  .  .  349, 465 
Siisyahn  shales  ....  339 
Siwalik  series,  age  of  the  .  314,  359 
Assam  •  *  .  332 
Burma      .  .      338 

Cutch  and    Kathiwar      322, 

324 
fauna  316,319,  324,  341,  359 

Sind  and  B.ilachistin      356, 

465 
Sub-Hlmilayan  area  356,  465 

„  analogy  with 
Vindhyan  out- 
liers on  Ard- 
vallis      •         .       104 

„  formed    during 

subsidence     .       470 

„  gneiss  inlier  in  .         45 

„  relation  to  river 

valleys  .        358, 469 
„  upper  beds 

coarsest  .       358 

Smooth  water  anchorages  .  .  405 
Soda,  native  sesquicarbonate  of  .  19 
Speckled  sandstone  group  .  120,  206 
Spiniangi  limestone     •  •        307, 31 8 

Spiti  shales  •         •         .        228,  229 

Sripermatiir,  cretaceous  fossils  at .  244 
Sripermatiir  group  .  .182,184,20/ 
neocomian  cephalopitda  1S2, 
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Striated  pebbles  in    carboniferous 
glacial  boulder  bed  120,  133,  158, 
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Sub- Himalayan    zone    distinction 
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stone . 
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Sub-nummulitic  group 
Subsidence,  evidence  of 
Sullavai  series  •  • 
Summit  bed  of  laterite .  •  .  374 
Sun  cracks  .  .  •  •  .  70, 96 
Sunda  volcanic  chain  .  •  •  18 
Sundarban .         .  •         •         .       442 

Sutlej    river,  former    independent 
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„  „       conditions  of  formation   409 
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Syenite  ...  36, 44,  74,  234 
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Talchir  group  .  .  .  I57»  165 
age.  ....  206 
boulder  bed  .  .  I57i  198 
flexible  sandstone  .  .  158 
mode  of  origin  .  151,  158,  159 

resembled    by     Pengangd 

shales    ....        90 
„  transition  shales  50,  62 

Western  Rdjput^na.         106,  160 
Tangis  or  rifts     .  •         .  9 

Tanawal  or  Tanol  series  .  -139 
Tanr  land  .  .  .  .  .      421 

Tdpti  and  Purna  alluvium  .396,  400,  431 
Tardi  .....       438 

TSris  or  red  sand  hills  .         •      416 

Tertiary  deposits 

contrast  of  lower  and  upper    302 
passage  into  recent  283, 318,319, 

325»  391 

Tesselated  sandstones.         .         •      iS7 

Thomsonite  •         •         .         •      260 

Tibet,  lakes  •         •         .         •      489 

„      peculiarities  of  fauna .         .476 

Tin 30»  45 

Tinnevelli  coast,  advance  of .         •        13 
„         submerged  forest  •         .11,405 
Tipam  sandstone  •         .        324. 332 

Tirohdn  limestone  •  •  •  96 
Tongking,  Gondwdna  plants  in  •  196 
Toshdm  hill,  f el  sites  •  •  •  74 
Tourmaline  •         •         .         •  30,  32 

Trachyte  •       17,  18,  176, 258,  278 

Transition  systems,  age  of  .  72,  75,  108 
definition  of  term  •  48 
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resemblance    to    Tal- 
chirs       .        .         ,55, 62 
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of  Maldri  fauna  •  .195 
supposed  in  Burma  .  144,  336 
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relation  to  Ulatur  234,  235,  237 
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Ultrabasic  rocks .  .  .  13^  3  ^^ 
Umballa  boring  •  •  .  435»  47^ 
Umia  group         .         .  188,  217, 223 

„    age    •         .         •         •       207, 224 
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,.  relation  to  neocomian  .152,  223,  286 
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UniOi  aberrant  forms  of  .  .  319 
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relation  to  Ariyaldr  235,  239,  241 
„  Trichinopoli  23  \,  235, 237 
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Valleys    formed  pari  passu  with 
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Vemdvaram  shales  •  •  i Si,  184 
Vempalli  group  ....  79 
Venkatpur  beds  ....  92 
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Vindhyan  era,  disturbance  of  rocks 

during       •         •         •491 
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relation  to  upper   Vin- 
dhyans .    93,96,98,99 
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analogy     to    Gangetic 
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local  disturbance  of       .      102 
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Vindhyan  system,  upper,  outliers  in 

Bundelkhand       .        29,   104 

outliers  on  Ardvallis     .       103 
„      west  of  Aravalli 

range  .         .       106 
„      relation  to  main 

area     .         .       107 
pebbles    in    Gondwdna 

rocks  •         •         •      157 

relation  to  Ardvalli  range 
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system,  lower  Vindhyans  93, 96 
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represented  by  Sullavai 

series     .         .         .    92,  loS 
reputed  fossils,  in  .       loi 

scarp,  in  Bundelkhand, 
defined  in  Deccan   trap 
period        ...        29 
Virgal  group  .         .         .122,  123 

Volcanic  action,  supposed  at  Londr        19 
„       beds,  A  ttock  slates  .       116 

„     Bengal  transition    .        63 
„     Bijawar  •         •  52, 54 

„    carbonaceous  system      134 
carboniferous,  Kash- 
mir •  I35» '3^ 
Chilpi  ghdt  series .  64 
„    Cretaceous    148, 28;,  289, 

290,  292 

Cuddapah     .  •        80 

Deccan  trap  .         .257 

Dhirwdr  sy9tem48,  50, 49  3 

„    Gwalior  system       •  65,  66 

„    J  aunsar  system       •       117 

„     Maldni  ...        74 

„    Rdjmahdl       •       1 75,  177 

„    Salt  marl        •         •       no 

„    Silurian  •         .115 

„    Tertiary,  lower     292,  293, 

338,  S46,  348 

„    Tertiary,  upper       .      339 

eruption,  submarine        •        18 

neck,  supposed,  in 

Bassein   .         •         18 

„  „         Wajra  Karur-  40,  107 

Volcanoes,  cretaceous  •         •      292 

„       Deccan  trap      .    258,  277,  279 
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Rdjmahdl    •         .         .170 
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Wadhwdn  sandstone  •        t      253 

Wajra  Kanir,  volcanic  neck  »  40,  107 
Warkailibeds  •  •  «  399*394 
Western  ghdts,  origiti  and  age  of 

io»397»494 
Wianamatta  group         .        •    198, 200 

Wollastonita        •        •        •        •        50 


PA&B 

Wood,  fossil,  sifcified,  Bhfmd  88 

M        ,t     cretaceous.  South  India  235 
«        „    upper  tertiary  341,  342,  355 


Zeolites    •         •         .    176,260,262,412 
Zones  of  amm  nites,  recognized  in 

Cutch  jurassics         •         •         .      224 

Zoological  provinees,  cretaceous    .      243 

9,  Gondwina  period  .     193,  591 


I 


\H 


\ 


DO  NOT  REMOVE 

OR 
MUTILATE  CARD 


1 

PI 

1 

'•v'i 

i 

i^^^^^^^^^^l 

1 

ll 

i; 

;r 

.4' ■ 

.■+-  , 

^V(_ ,, 

